Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



^ 



MatVi BH-O r. Tf. 3 



SCIENCE CENTER LIBRARY 

the lowrBrroe^roano Bohool. 

J 
Febmary, 1888. 



^^ 



o 



QUADRATURE OF THE CIRCLE. 



CONTAINING DEMONSTRATIONS OP 

THE ERRORS OF GEOMETERS IN FmDING 
THE APPROXIMATIONS IN USE; 



Witb Att S^pptttAix, 



ASD 



PRACTICAL QUESTIONS ON THE QUADRATURE, 

APPLIED TO THE ASTKONOMICAL CIRCLES. 



TO WHICH ABE ADDED 



LECTUEBS ON 
POLAR MAGNETISM, 



AKD 



NON-EXISTENCE OP PEOJECTILE FORCES IN NATURK 



BY JOHN A. PAKKEE. 



NEW YORK: 
JOHN WILEY & SON. 

1874. 






fransf erred from 



The laawrenoe Scientific Schooi* 



9 February, 1888* 



Entered aooording to Act of Congreea, in the year 1878, by 

JOHN WILBY & SON, 

In the Offloe of the Librarian of Congrew, at Washington, D. 0. 



I 



John F. Trow, 

Printer and Bookbinder, 

805-313 East i^tk St., 

NEW YORI^ 



I 



t > 



PREFACE. 



This work has been written several years, and was first pub- 
lished in 1851, and a copy sent to the principal colleges in the 
country. It now appears almost exactly aa originally written 
for publication. Having received the recognition of many 
minds, it is now submitted as a work entitled to receive a fair 
and impartial consideration. The author seeks no satisfaction 
for himself ; in that particular he trusts to his own examination 
and judgment. 

The points of difference between the author and the schools, 
which hold that the Quadrature of the Circle is impossible to te 
demonstrated, are few and easily stated; — ^they are principally 
these: — 

Mrsty Between straight lines and curved lines there is an 
essential difference in principle and property which has been 
entirely overlooked by geometers in their approximation. 

Second, The circumference of a circle is a line outside of the 
circle thoroughly inclosing it. 

Third, The line approximated by geometers is a line coin- 
ciding with the utmost limit of the area of the circle, and if it 
could be correctly determined would be exactly equal to the cir- 
cle, but could not inclose it or contain it. 

Fov/rth, By this difference, with their method of approxima- 
tion, geometers make an error in the sixth decimal place. 

Fifth, The circle and the equilateral triangle are opposite to 
each other in the elements of their construction, and hence, in 
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thei^ fractional relations to the square, are opposite to one another 
in ratio of the squares of their diameters. 

Sixths The difference between a line inclosing and a line 
coinciding with the utmost limit of the area of any circle is 
the essential difference in the properties of curved lines as they 
differ from any possible number of straight lines in the polygon. 

Any criticism which meets these points understandingly and 
fairly, showing that the writer has himself understood the sub- 
ject, will be entitled to an answer ; but anything which does not 
meet these points cannot be considered as being relevant to the 
points at issue, and therefore cannot be considered as worthy of a 
reply. 

I am not aware of any errors in the book which can mislead 
any one in regard to the principle or result intended to be shown 
by the various calculations in figures. It is quite possible, how- 
ever, that in transcribing for the press, some errors may have 
occurred; but if any exist, I think they can be only such as 
the reader will be able to understand and correct for himself. 

The work is commended to the examination and candid judg- 
ment of all those who may feel interested in the development of 
truth. 

THE AUTHOR 
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INTRODUCTORY REMARKS. 



CHAPTER I. 

To riND the exact quadrature of the circle, was, from 
the firat establishment of mathematical science, and for 
many succeeding centuries, a principal desideratum with 
the mathematicians of those times ; but failing in their 
efforts to arrive at the certainty, and the importance and 
value of the discovery being, as is generally supposed, 
greatly diminished by the very close approximations 
obtained by modern analysis, it has long since ceased, in 
a great measure, from being an object of research. Nev- 
ertheless, being an elementary truth, and consequently 
the relations existing between the circle and the square 
being among the fundamental principles necessary to be 
considered in mathematical science, particularly in respect 

to astronomy and navigation, the deficiency of an exact 
1 



2 THE QUADRATURE OF THE CIRCLE. 

knowledge of the quadrature has never ceased to be a 
cause of some perplexitj', requiring explanation, and 
necessarily, also, a cause of more or less error in these 
most important sciences. 

Unfortunately, but very much like other men in simi- 
lar circumstances, the professors of the schools, unable to 
demonstrate the truth, and unwilling to acknowledge 
their deficiency, have thought it necessary to explain 
away their error, and in doing so, they have taken the 
opposite ground, and concluded, that what they have been 
unable to oMain^ is wnattainable by human intellect 
Hence the college lectui'es on this subject, published and 
unpublished, abound in learned speculations and hypo- 
theses, tending to place the quadrature of the circle 
without the range of demonstrable mathematics. 

All geometrical truth whatsoever, in nature, rests on 
two simple things — ^the properties of straight lines, and 
the properties of curved lines, — difference of angle and 
difference of curve are but modifications of the same 
principles. Of the properties of straight lines, geome- 
ters have long supposed themselves to be perfect mas- 
ters, but of the properties of curved lines, and their rela- 
tive value to straight lines, geometer have yet known 
nothing whatever, except by approximation. To find 
the quadrature of the circle, is simply to determine the 
relative value of straight lines and curved lines, — ^and in 
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view of these facts, to an unprejudiced mind, it sounds 
equally strange and ridiculous to heai* the professors of 
an exact science, condemn as useless the solution of a 
problem, which is in itself an elementary truihj and 
involves, to say the leasts one half of all the geoTnetrical 
truth in nature. 

Without any disrespect to the learning and general 
intelligence of those who have adopted the conclusion 
that it is impossible to find the exact quadrature, (and it 
seems to be general among the professors,) I may be 
allowed honestly to doubt both its truth and its reason- 
ableness. It may be admitted, if it pleases them, that it 
can never be done by any principles at present known or 
taught in the schools ; but this proves nothing more than 
a deficiency in knowledge of the principles which govern 
it. To prove satisfactorily that it can never be demon- 
strated by any meav^^ it is necessary, firsts to prove that 
no principles can be true in nature^ but such as are 
already known to scienca To this, however, no mathe- 
matician will for a moment pretend, and for aught any 
ons can Tcnow^ there may be other principles in nature, as 
yet unknown or untaught, and which are equally true 
with any that are known, by which, when understood, 
the demonstration may be made. To reason otherwise, 
is to assume that we are already acquainted with all tlie 
principles which the Ci'eator brought into action in re- 
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ducing matter to form, — ^an assamption equally presump- 
tuous and improbable. That an essential and funda- 
mental principle which governs the exact relations of 
straight lines to curved lines does exists is self-evident, 
and there can be no good reason for saying that it can 
never be found : and we have the evidence of abundant 
experience in other things, to show, that when found, it 
may be as plain^ as simple, and as comprehensible as any 
truth at present within the range of human intelligence. 
For myself, I am content to believe that new discoveries 
of principles^ as well as new discoveries of truth, are yet 
to be made, and among others, that which governs the 
exact relation of one circle to one square. I cannot 
understand how limited and circumscribed matter is made 
infinite with respect to other limited and circumscribed 
matter by the mere influence of shape. It may be true 
in respect to decimal parts, and consequently in respect 
to decimal figures in their decimal relation to onej but it 
is not true on the broad principle, and therefore it is not 
trice in respect to the circle and the square. While, 
therefore, I am ready to admit that the quadrature of 
the circle can never be demonstrated by any means yet 
adopted for that purpose, I am still compelled to regard 
the reasoning which places it beyond the reach of de- 
monstration, as containing more theoretic learning and 
speculation than simple truth, and those who really 
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believe it to be among impossibilities, as more credulous 
of mystery than sound in their judgment 

By a course of reasoning on the mechanical properties 
of numbers, in their relation to shapes, I have adopted a 
ratio of circumference to diameter of one circle^ which I 
believe and affirm to be tfie true and exact ratio which 
nature employs in every circle, and which, therefore, in 
order to distinguish it from all others, I denominate the 
prima/ry ratio of circumference and .diameter. The 
numbers expressive of the value of each ai*e 20612 parts 
of circumference to 6561 parts of diameter. Diameter 
bemg one^ these numbers will give a decimal circum- 
ference = 3,141594 + which will be seen to be greater 
by one and more in the sixth decimal place, or about 
gjjjijgg greater than Playfair and Legendre's so called 

perimeter of a circumscribed polygon of 6144 sides. 
Consequently, before I can claim attention to my ratio 
as likely to be the true one, it is necessaiy for me to 
show Playfair and Legendre's liability to an error, equal 
to the difference. I shall proceed to do this by the selec- 
tion of a few from a mass of demonstrations which are 
before me to that effect. 

My reasoning, I think, will be found to be perfectly 
conformable to nature; and as all original reasoning 
necessarily involves some new truth, or a handling of 
old truths in a manner not before practiced, I have found 
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V 

it both convenient and necessary to adopt sucli terms and 
forms of expression, as, in my judgment, would best 
convey my own meaning and suit my own purpose, with- 
out regard to their common scientific application, prefer- 
ring always the attainment of truth, rather than elegance. 
Thus, for example, the term "circumference," when it 
will best suit the idea intended to be conveyed, is often 
applied to the square, the triangle, to polygons, and other 
angular shapes, and is synonymous with perimeter. 
" Diameter " is also applied to triangles and rectangular 
figures, and diameter, when not otherwise explained, 
always means twice the least radius (which, in all 
regular shapes, is always the diameter of an inscribed 
circle) when a figure is to be measured by circumference 
and radius ; but in the equilateral triangle when it is to be 
measured in the usual way of measuring angular shapes 
from half its side by the perpendicular, then the perpen- 
dicular from the base is the diameter. This seeming 
indiscriminate use of terms will, I think, be better under- 
stood l)y the reading, and will not be objected to except 
by those who reason for elegance rather than truth, and 
those, who, for lack of reason, conf oxmd terms and defini' 
tions with principles. 
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PLATE L 



DEMONSTRATION OF EEROB 

IN THE 

APPROXIMATION OF GEOMETERS TO THE CIRCUMFEREIf CE OF A CIRCLL 

PROPOSITION I. 

The circumference of a circle is greoAer than cmy nvmr 
her whatever of niean proporUonah from cm inscribed 
sPraigM line. 

We have here a 
section of circum- 
ference with an in- 
scribed and cir- 
cumscribed perim- 
eter of a polygon. 
The circumference 
itself gives ocular 
demonstration, that 

it is greater than any number whatever of mean propor- 
tionals, as the straight lines abjOrb Cy from the inscribed 
straight line a c; because, as all such mean proportionals 
must forever continue to be inscribed straight lines, they 
can therefore never equal the circumference ; and without 
this quality the circumference could not be a perfect 
curve. The proposition is therefore demonstrated. 

From the above proposition it is evident, that, if we 
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approach the circumf erence of the cm:le bj any scale of 
proportionals whatever between the inscribed and cir- 
com^cribed lines, other than that which is a true and 
exact relative to the circmnference, we shall inevitably 
bring the dicuniscribed lines within the circamf erence, 
or carry the inscribed lines without the circmnf erence, 
jost in pioporti<ML as the scale of proportionals used is 
greater or less than the true and exact relative to the 
circumference; and because, as already seen, the circum- 
ference is greater than any number urfiutever of mean 
proportionals from an in-^rihed straight line, therefore 
any number of mean proportionals which may bring liie 
inscriljtfd and circumscribed lines to agree with each other 
in whole or in part, will necessarily make them to agree 
at a point of value within the value of circuutf erence : 
And the approximation being carried to a large number 
of figures, you will have an approximaition within less 
than one in the last decimal place of a line of figures, not 
ofafuU Jiamet<rrj but of a diameter which, in its ratio of 
value to circumference is also less than one. I sav, it is 
a diameter which is less than one by jj^s^ And 
whatever may be the scale of proportionals used^ if it be 
anv other than the true and exact relative to circumfer- 
ence, there must necessarily be a point in a line of figoies 
representing the circumference of one diameter, where 
the error of the scale used will amoimt to one or more^ 
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and that point will be forever the same, by whatever 
form or process the calculation is carried on. 

Here then is a. plain /«<?<, of which we have ocular 
demonstration, depending on the plainest laws of num- 
bers and geometry, and which needs only to be admit- 
ted, to prove, that the approidmations of geometers to 
the circumferencte of a circle obtained fi*om inscribed and 
so-called circumscribed straight lines is less than the t/i^ue 
value of ci/rcumference. In a future demonstration I 
shall show that the perimeter of the so-called circum- 
scribed polygon of geometers, is not b, circumscribed 
polygon, but that at any number of sides the perimeter 
at the centre of each side rests within the area of the 
circle, and at an infinite number of sides is brought 
wholly within the area of the circle. (See prop, i.. Ap- 
pendix.) 

It follows therefore that whenever the true ratio of 
circumference to diameter is found, it will disagree with, 
and be greater than the approximate ratio of geometers, 
and greater than the so-called perimeter of a circum- 
scribed polygon obtained in the manner which it is. It 
matters not that some have had the patience to carry the 
geometer's approximation to 60 or even 150 decimal 
places, the more the worse ; they do not approach any 
nearer to the true circumference by so doing. On the 
contrary, from the point in a line of figures where the 
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error in the scale of proportions used amounts to one or 
more, and where they necessarily pass to the inside of 
the value of circumference, all effort to gain any nearer 
approach to it, is nothing more than an effort to arrange 
a vulgar fraction of remainder into a line of decimals, 
which because it is not of decimal value makes a line of 
figures without end. 

I have stated the case in such general terms as that 
the error of geometers shall be seen to apply, as it really 
does, to every method in use for finding the approxima- 
tion by means of straight lines, or by any fluxionaiy 
series, the basis of which is the value of straight lines ; 
and in order that we may understand it fully, we will 
now look further at the mechanical causes which can 
have this influence. And 

First. Between curved lines and straight lines there is 
an essential difference in principle and. properties, as is 
evident from the fact, that if two shapes be formed, one 
with straight lines and the other with curved lines, and 
of equal magnitude or area, their circumferences vnll be 
totally different, and again if their circumferences are 
equal, their areas will be totally different ; and this dif- 
ference of principle or property, is therefore seen to con- 
sist chiefly in the different powers of the two descrip- 
tions of lines to inclose area ; theref ore^ 
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PLATE n. 



PROPOSITION n. 

The a/rea of a circle is greater than the a/rea of any 
ahape formed of straight lines and of equal cvnywmferenoe^ 
and hence greater ilian ilie area of a/ay polygon of any 
possible nvmiber of sideSy and leaving ilie same circum- 
fei'ence with the circle. 

In the figure (Plate 
IL), let C be the cir- 
cumference of a circle, 
and let P be the per- 
imeter of a polygon, 
and let C and P be 
equal to one another 
in length. It is evi- 
dent that C is a per- 
fectly curved line, and 
that P is composed of several straight lines. It is known 
also that all regular shapes formed of straight lines and 
equal sides, have their areas equal to half the circum- 
ference, or half the length of all its sides, multiplied by 
the lea^t radius which the shape contains, than which all 
other radii contained in the shape we greater ; whereas, 
the circle has its area equal to half the circumference 
by the radius^ to which every other radius contained in 
the circle is equal (prop, l, chap. ii.). It is evident 
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that the radius of C is less than the greatest, and greater 
than the least radius of P. lU is evident also, that so 
long as P shall have the properties of straight lines, to 
whatever number its sides may be increased, it shall 
always have a greater and a lesser radius, and its area 
always equals half the circumference by the least radius ; 
while C has never but one radius, which is always 
greater than the least, and less than the greatest radius 
of P ; and since C and P are known to be equal in 
length, therefore C multiplied by radius, is greater than 
P multiplied by least radius. Therefore while P shall 
continue to have the properties of straight lines it can 
never equal C in area, though the number of its sides 
were infinite, or the greatest possible But if the num- 
ber of sides of P shall be infinite or the greatest pos- 
sible, then P shall approach so nearly in area to C, that 
the difference cannot he less. And in material things, 
any' difference such that it cannot be less, is one ultimate 
particle of whatever material or thing is under con- 
sideration. (For ultimate particles of matter see explana- 
tion, prop, n.. Appendix), lite proposition is therefore 
demonsPraied. 

By proposition l it has been shown, that the circum- 
ference of a circle is greater than anything which can 
be reached by mean proportionals between inscribed and 
the so-called cii'cumscribed straight lines at the point of 
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value where the two agree. And by proposition n., it 
has been shown, that the area of a circle is greater than 
any area which can be contained within any possible 
number of straight lines having the same aggregate 
length of the circumference of the circle. It is evident 
therefore that in attempting to find the value of the cir- 
cumference by means of straight lines, we shall always 
arrive at results which are less than the truth: atid 
geometers have nei)er used anything else hut straight 
lines. It is evident, also, that if we reason wholly on 
the properties of straight lines and the principles which 
govern them^ we leave wholly out of the account the 
properties of curved lines and the principles which 
govern them. And because the two differ essentially 
from one another, we therefore determine nothing by it 
of their relative value, further than to arrive at an ap- 
proximation ; and there is still an error unaccounted for^ 
which stands additional to all the errors arising from 
quantities neglected or lost in the usual mode of finding 
an approximation. 

When we look for a mechanical cause which can make 
the circumference of a circle greater than any number 
whatever of mean proportionals from an inscribed 
straight line (as a & orh c from the inscribed straight 
line a (?, prop, l) we see that nothing is adequate to 
that purpose, but the infusion into circumference, of 
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some additional value after all mean proportionals have 
cea^d ; which is, when the inscribed and circumscribed 
so-called have become thoroughly equal ; and whatever 
the amount of this infusion may be, it is evident, that 
there must be a point in the expression of numbers, 
where its value becomes Jiocedj and where it shall amount 
to one or more ; and because this infusion into the value 
of circumference, is a fixed and unalterable law of 
nature, by which the two descriptions of lines are made 
essentially to differ, therefore, whenever we attempt to 
find the value of cii'cumference by the properties of 
straight lines alone, we shall always fall short of the 
truth, at that point in the expression of numbers, where 
the value of this essential difference equals one or more. 
To get rid of this essential difference of property in the 
two descriptions of lines (for they are not ignorant of its 
existence) geometers have assumed that it is " Infinity," 
and therefore call it nothing! but I shall show, that 
whatever an infinity may be, it is always such, that in 
material things it is capable of i7ici*€ase^ and is therefore 
a value not to be thrown moay. 

Secondly. The perimeter of a circumscribed polygon 
of any number of sides, is a proportion to the inscribed of 
an equal number of sides, in precisely the same ratio as 
the radius is to the perpendicular from the center to the 
chord of the ai'ch. Now, therefore, if the circumference 
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be greater than any number whaievei' of mean propor- 
tionals from the inscribed, as we have ocular and mathe- 
matical demonstration in proposition i. that it is, and 
without which it could not be a perfect curve, then it is 
evident again, that the circumscribed, is to the inscribed, 
in lesB raiio of value than the circumference. Here 

■ 

again we see a mechanical necessity of any proportions 
between the inscribed and the so-called circumscribed 
lines, other than such as are exact relatives to the cir- 
cumference, necessarily bringing the two to agree with 
each other, at a point of value within the value in area 
of the circumference ; therefore 

PROPosrnoN in. 
Ths perimeter of plate m 

any polygon whose 

cirowmferen^e or the 

lenffth of whose aides 

is equal to the oircum- 

ference of a circle^ is 

always such that if 

the polygon be placed 

or drawn upon the 

circle^ the point or 

angle foi*med hy the hypothenuse of each right angle 

which tlie polygon contains^ lies wholly outside of the 

circumference of the circle. 
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Let the perimeter,/, e?, g (Plate III. ), equal the semi- 
circle over which it is drawn, i. e.j let the length of 
the straight lines, f^ J, ^, equal half the circumference 
of the circle. It is seen that the point or angle g^ 
formed by the hypothenuse c, g^ from the right angle c. 
ij gj lies wholly outside of the circumference of the circle, 
and although this extension will be greatly diminished 
by increasing the number of the sides of the polygon, 
yet so long as the circumference of the circle, and the 
perimeter of the polygon are equal, to whatever number 
the sides of the polygon, may be increased, the point or 
angle, ^, shall always lie wholly outside of the circla 
The proposition is thei^efore demonstrated. 

But it is seen that the hypothenuse c a, formed by the 
right angle <?, A, a, lies wholly within the circumference 
of the circle, it (the right angle (?, A, «,) being part of an 
insiyrihed polygon ; and it is evident, that so long as it 
shall remain an inscribed polygon, to whatever number 
its sides may be increased, the angle of hypothenuse, or 
point a^ can never extend beyond the circumference of 
the circle. It is self-evident, therefore, that any scale of 
proportionals which shall bring the sides of an inscribed 
and circumscribed polygon to agree with each other after 
the manner of geometers, within less than any assignable 
quantity, and which does not carry the angle of hypothe- 
nuse outside of the circumference (which the method of 
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geometers does not dci)^ is less than a true and exact 

relative to the circumference, and it is equally evident 

that the circumference of a circle is in greater proportion 

to the inscribed perimeter, than such inscribed perimeter 

is to the perpendicular on the chord of the arch ; and 

because the inscribed and circumscribed, so called, are in 

proportion to one another as the perpendicular on the 

chord of the arch is to radius, therefore, the two are 

brought to agree with each other at a point of value less 

than the circumference of the circle. It will be seen, 

also, from the illustration (Plate IIL), that if the sides 

of any polygon shall be equal to the circumference of a 

circle, the polygon shall have a diameter greater than 

any inscribed polygon, in the proportion as <?, i^ or (?, ^, 

is to c, A, or <?, a, and to whatever number of sides the 

polygon may be carried, whether 6000, or 6,000,000, the 

sensible difference of diameter will still be in the same 

proportion as c, % or <?, ^, is to <?, A, or <?, a, in a polygon 

of six sides. This difference will be greatly diminished 

by any increase of the number of sides, but can never 

be exhausted, and hence, as stated in the demonstration 

to my first proposition, any approximation found by 

geometers' methods, by proportions between the inscribed 

and so-called circumscribed perimeter of a polygon, 

which brings the two to agree with each other within 

less than any assignable quantity, and which does not 
2 
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cany the angle of hypothenuse outside the circumference, 
is an approximation Twt of a full circumference, but 
of a circumference whose diameter is less than anej in its 
ratio of value to the area of the circle : therefore — 

PROPOSmON IV. 

If the perimeter of any polygon be brought into the 
foi'm of a circle^ both the diameter and a/rea of the circle 
a/re greater tha/a the diameter and area of the polygon. 

By diameter of a polygon, I mean always its least 
diameter, or that which, being multiplied by one-fourth 
of the perimeter, or its half multiplied by half the 
perimeter, gives its area, which is always the diameter 
of an inscribed circle. 

By proposition n., it is shown that if P be the perimeter 
PLATE IV. of a polygon, and C be 

the circumference of a 
circle, and P and C are 
equal to one another in 
length, then P shall 
always have a greater 
and a lesser radius, and 
the radius of C shall 
always be greater than 
the least, and less than 
the greatest radius of P, therefore, C multiplied by 
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radius is greater than P multiplied by least radius. It 
is evident, therefore, as seen in Plat« IV., that if the 
perimeter of any polygon be brought into the form of 
a circle, both diameter and area are increased by the 
transition of shape. The proposition is therefore demon- 
strated. 

Now, it is known that geometei's regard a many-sided 
polygon as e^pml to a circle, to the extent to which two 
polygons (the inscribed and circumscribed, so called) 
agree with each other; and with them, to the same 
extent, diameter is treated as having a fiooed and equal 
vcdv^j whether the shape may be a many-sided polygon 
or a circle. Let us then examine the effect of consider- 
ing the two shapes as equal to one another, and each 
having the same Ji(V€d diameter. Let P (Plate IV.), 
be the perimeter of a polygon, and let C be the circum- 
ference of a circle, and let C and P be equal to one 
another in length. It is already known that the area 
inclosed by C is much greater than the area inclosed by 
P. If, therefore, the diameter of each, C and P, be 
considered as fixed^ and treated as one^ then, in order 
to give such expression to the circumference of the 
circle as that its half being multiplied by tV, or half the 
diameter, the result shall express the whole area of the 
circle, we must add to the length of C an amount equal 
to foii/r times the difference between the area inclosed by 
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P and the area inclosed by C, which would make C 
to be much greater than itself, and the idea is absurd. 
But it is self-evident, that what is here so manifestly 
true in the transition of a perimeter of a polygon of 
six sides to the circumference of a circle, is equally true, 
though in less proportion, in the transition of shape of a 
polygon of 6000 sides, or of any other possible number, 
and to regard them as equal is just as absurd in one 
case as in the other. Yet this effect of the transition 
of shape is entirely disregarded by the geometry of the 
schools in finding their approximation to the value of 
circumference. 

The difference between a polygon of some thousands 
of sides and the circmnf erence of a circle of only one 
or two inches in diameter, like the common diagrams in 
use, 18 a difference inconceivably small. But in order to 
realize the importance of the principle contained in the 
transition of one shape to the other, it is necessary for us 
to enlarge our ideas of magnitude as we increase the 
number of sides of the polygon. Therefore, let the 
earth's orbit be a polygon of 6000 sides, then each side 
will be a straight line of more than ninety thousand 
miles in length — ^the difference between the least radius 
of the polygon and the radius of a circle having the 
same circumference will be ten miles or more — ^the mean 
will be, say five miles, and as but a small portion of the 
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area of the polygon lies outside of the circle, the differ- 
ence between the area of the circle and the area of the 
polygon will be nearly equal to a belt, say four to five 
miles wide, and five hundred and eighty millions of miles 
in length, an area several times greater than the whole 
surface of our globe ; and if the number of the sides of 



the polygon be increased a thousand times, the difference 
of area will still equal an empire in extent. Again, if we 
take a radius equal to the distance of one of the fixed 
stars, and again increase the number of sides of a poly- 
gon by millions, yet there, the difference of area between 
a polygon, and a circle having the same ciroitmference^ 
will again exceed the whole surface of our globe a thou- 
sand times. Yet this is that infinity arising from the 
transition of shape, and increased with the increase of 
magnitude, which (as I have said in proposition n.) the 
geometry of the schools regards as nothing^ and there- 
fore throws it away ! ! and this, also, is that infinity, 
which, in solving the problem of the circle, we must 
grapple with, — ^grasp it, and hold it fast within our com- 
prehension and control, so that nothing can escape our 
notice, which is capable either of increase or diminution. 
By proposition n., I have shown that the area of a 
circle is greater than the area of any polygon having 
the same circumference, or length of perimeter with 
the circle. Therefore 
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PROPOSITION V. 

If the area of any polygon shall equal the a/rea of 
a circle^ the perimeter of such polygon shall lie wholly 
outside of and inclose a polygon^ whose circfwmference 
equals the droumferencs of the circle. 

This proposition is already proved by the demonstra- 
tion of proposition n., and needs not to be repeated, 
because, if the area of a circle is greater than the area 
of a polygon having the same circumference as the circle, 
then by reciprocity, if the area of a polygon shall equal 
the a/rea of the circle, then the circumference of such 
polygon shall be greater than the circumference of the 
circle, and shall be able to inclose another polygon, 
whose circumference equals the circumference of the 
cii'cle. 



PLATE V, 




We have then, 
in Plate V,, three 
polygons, one 

whose perimeter 
rests on the per- 
pendicular e, and 
which differs from 
an inscribed poly- 
gon less than any 
assignable quan- 
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tity, and which, therefore, equals the approximation of 
geometers, at six sides of a circumference. Another, 
whose perimeter {d) rests on the perpendicular, f^ and 
which eqtuiU the circumference of the circle ; and still 
another, whose perimeter rests on the perpendicular, ^, 
and which incloses an area eqtial to tJie area oi the circle. 
Between these three polygons, at six sides of a circum- 
ference, there is a very sensible difference of area and 
diameter^ and to whatever number of sides these poly- 
gons may be bisected, they can never be brought to 
agree with each other, but there will always remain a 
positive difference of area, and a difference of diameter, 
which is more than three times equalled in the circum- 
ference. It is known, and I have proved (in proposition 
xn., chapter ii.), that the true ratio of circumference to 
diameter of all circles, is four times the area of one 
circle inscribed in one square for the ratio of cir- 
cumference, to the ai'ea of the circumscribed square 
for the ratio of diameter; and since it is proved that 
the area of a circle is greater than the area of any 
polygon of any possible number of sides, and having 
the same circumference with the circle, it is therefore 
evident, that if we would find the ratio of circumfer- 
ence which shall express the full value of the area of 
the circle by proportions between the perimetei's of an 
inscribed and circumscribed polygon, we must seek it 
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between the inscribed, and one circumscribed, which 
stands to the square of radius, in the proportion as the 
square of the perpendicular, g (Plate V.), stands to the 
square of perpendicular, f^ and unless we do this, we 
leave wholly out of the account that essential difference 
between the properties of straight lines and curved lines, 
which enables the latter to inclose more area than any 
possible number of straight lines in any shape, and of 
the same aggregate length with the circumference of the 
circle. It is evident, that between two such polygons 
there will be a point in the expression of numbers, within 
which they can never be brought to agree with the 
inscribed, but for bisecting two such polygons, or for 
finding such a circumscribed polygon, the analysis of 
geometers affords not the slightest means ; and by their 
method, they aim only at the value in area of the peri- 
meter resting on perpendicular, f^ which is less than the 
area of the circle by the essential difference in the pro- 
perties of straight lines and curved lines. It must not 
be forgotten, that this error of principle in geometers' 
methods of finding an approximation, is additional to all 
the errors ai'ising from quantities neglected or lost in the 
calculation, which being errors of each side of the poly- 
gon, are, by the increase of the number of sides, made of 
gi'eat aggregate value in the circumference ; and what is 
here so manifestly true, at six sides of a circumference, is 
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equally true, but in less proportion, at any possible number 
of sides ; how much more then is it true at a few thousand 
sides, to which only geometers have carried the bisection. 

These remarks and illustrations might be extended al- 
most without limit, but if I am understood in what I have 
already said, I think it quite sujficient to show, that the 
analysis of geometers of the value of curved lines, and the 
equality of the area of a circle to a square is erroneous in 
principle, and therefore without merit, except as a near 
approximation, and in the absence of any exact knowledge 
of the truth. It will be equally certain, also, that the 
true circumference, when foimd, will be greater than the 
ratio of geometers at no very remote point fi'om unit. 
Whether it is as much greater as I have affirmed it to 
be, remains to be shown by the direct propositions which 
shall prove it. 

I had supposed imtil recently that I stood alone in my 
views respecting the quadrature, but in looking over Play- 
fair's Notes on his Supplement to the Elements of Geome- 
tiy, we are there informed, that Torrelli, a learned Pro- 
fessor of Oxford, who had then recently published an 
edition of the works of Archimedes with comments, had 
taken the ground that by their modern analysis, geome- 
ters prove nothing whatever respecting the properties of 
curved lines ; which is precisely the thing I have here shown. 

If all I have said be true, then I have effectually and 
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tnecJianically shown the utter impossibility of ever squar- 
ing the circle by the application of straight lines, or by 
any method now in use, and I am as completely satisfied 
on that point, as the skepticism of any modern Professor 
respecting my solution of the problem could desire. But 
this does not prove that the cii*cle is incapable of being 
squared, or that no equality exists between the circle and 
the square, which I shall presently show by direct propo- 
sitions doe% exist ; and unless it can be shown on the other 
side, that no principles in geometry can be true but such 
as are already known, I have yet hopes of arriving at the 
quadrature. That whenever it is reached it will be 
greater than the approximation of geometers, and greater 
at no very remote point from unit, than the so-called pe- 
rimeter of a circumscribed polygon which is made to agree 
with the inscribed within less than any assignable quan- 
tity, I think already established ; if not, I think additional 
facts will not be wanting to place my position beyond a 
doubt. 

PLATE VL The value of the 

area of a circle, is the 
value of a straight line 
a h (Plate VI.), equal 
half the diameter, mul- 
[c g M tiplied by the value of 

the curved line g J, equal half the circumference. The 
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value of the curved line <? J is, as we have seen, greater 
than the same length of straight line at any possible 
number of sides, and by my ratio of circumference to 
diameter, which I affirm to be the true one, the expres- 
sion of numbers by which circumference and diameter 
are made equal, is 20612 parts of circumference to 6561 
parts of diameter, or a 6—3280.5 and c J— 10306, which 
I now propose to prove. 



CHAPTER IL 



THE QUADRATURE OF THE CIRCLE DEMOKSTRATED, 

In the attempt made in the preceding chapter to show 
the existence of fundamental errors in the analysis of 
geometers, we have seen, very clearly, I think, that 
there is an essential difference in the properties of 
straight lines and curved lines, which has been entirely 
overlooked in the approximations heretofore made ; but 
the knowledge gained by these examinations thus far, is 
only of a negative character, showing us only what is not 
true respecting the properties of curved lines, and thus 
disabusing our minds of a pre-existing error. We are 
now, by a course of direct propositions, to inquire and 
determine what is true: and in this inquiry the relative 
properties of straight lines and curved lines demand our 
first attention, that we may thereby be enabled to dis- 
cover their relative value ; therefore, 

PROPOSITION L 

One of the relative properties between straight liries 
and a perfect curve or circle is such^ that all regular 
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sliapea farmed of straight lines and eqiuil sideSy have 
ffieir ai*eas equal to half the cvrcnmference multiplied 
hy ihe least radius which the shape contains {which is 
alxoays the radius of a/n inscribed circle) thorn which 
every other radius contained in the shape is greater, a/nd 
the circle has its area equal to half the circwmference 
multiplied by the radius, to which every other radius 
contained in the circle is eqnal. 

PLATE vn. 










It is not necessary formally to demonstrate the above 
proposition to any mathematician. I will therefore only 
state that in the above figures (Plate VII.) the area of 
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the equilateral triangle equals the lines ahcxdeyOr half 
the circumference by the least radius which the triangle 
contains, which is alwaj'^s the radius of an inscribed 
circle, and it is evident that every other radius contained 
in the triangle is greater than the least. In like manner 
the areas of the square and the hexagon are equal to the 
lines abo (half the circumference) by the line d e which 
is the least radius either shape contains, than which 
every other radius contained in either shape is greater. 
But the area of the circle equals the line ah c, half the 
circumference, by the radius d e^ to which every other 
radius contained in the circle is equal. The proposition 
is therefore demonst/rated. 

Here then is a relative property between straight 
lines and curved lines, showing us conclusively, that 
since straight lines have been made the basis of area in 
mathematical science, some compensation must be made 
to the circumference of the circle for this difEerence of 
relative property^ if we would give to the circle the full 
expression of its value, by the properties of straight 
lines, which is the thing demanded hy the quadrature / and 
a future demonstration will show what this compensation 
shall be. / 

The next relative property of straight lines and 
curved lines which I shall notice is contained in the 
following proposition. 
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PROPOSITION n. 

The circwmference of any circle being given^ if that cir- 
currference be br might inio the form of a squarey ^ area 
of that aqtiare is equal to the a/rea of another cvrcUy the 
circumscribed square of which is equcd in a/rea to the a/rea 
of the circle whose drcvmference isf/rst given. 

Explanation. — In the figures E, P, G and H, Plate 
VIIL, let the circumference of the circle E be given, — 
let it be for example 36 (or any other number), and let 
the circumference or four sides of the square F be also 
36, then one side of F— 9, and 9 x 9—81, which is the 
area of F. Now let the area of the circle Gr— 81, then 
by the proposition the area of the square H circum- 
scribing G equals the area of the circle E whose circum- 
ference is 36. 




plate vnr. 








f i 






T 




G 



My own mode of demonstrating the foregoing propo- 
sition is simply to test the principle by more than one 
ratio of circumference and diameter. If it be true of 
these, then it is a general principle, and true of every 
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ratio of circumference and diameter which can be used, 
which is the fact of all general principles applied to the 
properties of the circle. 

Therefore, let the circumference of the circle E equal 
C; then if the geometrical approximation be taken as 
tlie ratio of circumference, and the diameter of E— 1, 
then the circumference of E (C) will equal 3.1415926 + 
and the area of E will equal .7853981 +. The area of F 
will equal fi and the area of G being equal to the area 
of F, therefore the area of G— ff^ , and if G— fl^ , then the 
area of H equals .7853981+ which is also the area of E; 
and the diameter of G— i^. 7853981 +. But if my ratio 
be taken as the ratio of circumference to diameter, and 
the diameter of E— 1, then C— 3.1415942 +, and the 
area of E— .7853985+: the area of F— fi, and if the 
area of G— xl^ then the area of H— .7853985+ which is 
also the area of E, and the diameter of G— v'.7853985+. 
The proposition is therefore demonstrated to be a gene- 
ral principle which is true of every ratio of circumfer- 
ence to diameter, and is therefore necessarily true of the 
true ratio. But being a general principle and wholly 
independent of any particular ratio of circumference and 
diameter, this proposition does not of itself demonstrate 
what the true ratio of circumference to diameter is, nor is 
it in the power of any general principle to do so. An- 
other demonstration will show that the circumference 
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and diameter of one circle is the basis of all general prin- 
ciples relating to the extension of area, and, therefore, 
the relation of circumference to diameter is of itself, a 
pa/rtuyular fact^ depending on jpartioular facts, and not on 
general principles of which it is itself the basis. Yet 
numberless arithmetical and geometrical problems may 
be based on this proposition, which are entirely new in 
mathematics, perfectly simple, and may be made in the 
highest degree useful 

One point, however, and that an essential point, and 
the first point necessary to be shown, has been gained by 
this last proposition, viz., the existence of a perfect 
equality between the circle and the square has been 
clearly shown. For if the circle and the square, or what 
is the same thing, if the circumference and diameter of 
a circle be really iv/^ommensv/rablej as geometers have 
affirmed, then no circle and square can be exactly equal 
one to the other. But when it has been demonstrated 
as has here been done, that a circle and a square may 
be exactly equal one to the other, then it is demonstrated, 
also, that the two are 7wt incommensurable ; and with 
this demonstration the whole theory of mathematicians 
respecting the non-existence of any expression of num 
bers by which the circle and the square are made equal 
is proved to be fallacious. 

The inverse of proposition n. will read thus : Any 
8 
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square (H) is such, that its inscribed circle (G) is equal 
in area to the area of another square (F) whose circum- 
ference equals the circumference of another ciixjle (E) of 
equal area with H. And in this view of the proposition 
let it be particularly noticed, that nothing is assumed, 
and the result is subject to no conditions as in the direct 
proposition, which is conditioned on the equality of G. 
toR 

This 2d proposition is not only wholly original loith 
me^ but is, I believe, entirely new in mathematics ; and 
certainly it is very beautiful as showing the principles 
and the manner in which the areas of circles and squares 
unfold and display to each other. It was discovered by 
me more than 30 years ago by the method of demonstra- 
tion here given, and it has since been frequently demon- 
strated by algebraic formula ; but I forbear to insert any 
of these demonstrations and give as a reason for this 
omission,— ;/?7*5^, that I never make use of algebra in 
demonstration, and secondly^ that, although the prin- 
ciples of algebra aided by geometry are amply capable 
of demonstrating the proposition when discovei^ed and 
stated^ it yet to my mind embodies no principles or pro- 
cess of reasoning by which the discovery can he ma^le. 
It is not in the power, I think, of algebra alone, by the 
same formula, and without the aid of numbers or geome- 
try, to contemplate the transition and alternation of 
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shapes necessary for the discovery of this proposition. 
And hence I attribute to the almost exclusive use of 
algebra in the schools, and the little attention paid to 
the mechanical properties of numbers, that this relative 
property of the circle and the square, or of straight lines 
and curved lines, has so long remained unnoticed and 
undiscovered. 

The following proposition is, I think, appropriate here 
to the course of my reasoning. 



PEOPosmoN m. 



The circle is the nattiral basis or beginning of all a/rea^ 
and the squa/re bemg made so in maihemaiical science^ is 
artificial amd arbitrary. 



PLATE IX. 





By proposition i. it has been shown, that all regular 
shapes have their areas equal to half the circumference 
by the radius of an inscribed circle, which is the least 
radius the shape contains; the circle is therefore the 
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basis of area in all sucli shapes. If we examine the fig- 
ures A and B (Plate IX.) we see that the square and the 
triangle have each a greater and a lesser radius, which is 
time of all other shapes formed of straight lines. We 
see also that the circle described on the least radius of 
either shape is less than the shape. We see also that 
neither shape can be so diminished, but that a circle 
described upon its least radius^ will be less than it. 
Therefore if either shape shall be diminished to infinity, 
so long as it shall have magnitude or area, it shall also 
have a greater and a lesser radius, and a circle described 
upon its least radius will be less than it. The circle is 

therefore the least of all possible magnitudes, and, as all 

« 

extension must be from the least possible magnitude to 
that which is greater, therefore the circle is the begin- 
ning of plane extension, and is hence the natural basis or 
beginning of all magnitude or area, and the sqpare being 
made so in mathematical science is artificial and arbi- 
trary. TJie proportion is titer ef ore demonstrated. 

Now, therefore, because the circle is the natwal basis 
of all area, and the square is made the artificial basis, 
and because proposition n. is a relative property between 
the circle and the square, and between straight lines and 
curved lines, and is also a general principle Applicable to 
all ratios of numbers ; and because the square is a regu- 
lar shape formed of perfect straight lines and of equal 
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sides and angles, therefore proposition n. is a relative 
property between the circle and (ill regular shapes what- 
soever, which are formed of straight lines and of equal 
sides and angles. Therefore, 



PEOPOsmoN rv. 

The drcurnference of any circle being given^ if that 
cirowmferenoe he brought into any other shape formed of 
straight lines a/nd of equal sides and aifigles^ the area of 
thxji shape is equal to the a/rea of another circle^ which 
circle being d^cumscribed by another and similar shape, 
(he area of siLch shape circumscribing the last named 
circle is equal to the area of the circle whose circumfer- 
ence is given. 

PLATE X 






Let the circumference of the circle E (Plate X.) equal 
8, then the area of E (by my ratio of circumference 
and diameter) —.7183815+. Now let the three sides 
of the equilateral triangle F— 8, then each side of F— 1, 
— ^the perpendicular or diameter of F (a J)— \^.75 and 
V.75X.5 (half the side of F)— .4880127+ which is the 
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area of F. Now let the area of the circle G— .4830127 
+ (— F) then the diameter of G (by my ratio)— 
v'. 551328-*-, the perpendicular or diameter oi H (c d) 
— V1.240489+ and the side of H— V1.653985+ and 
V1.240489+ X half \/1.653985+ gives the area of H— 
.7183315+ which is also the area of the circle E whose 
circumference is 3. 

PLATE XL 







Also if F and H (Plate XI.) be hexagons, — then if 
the circumference or 6 sides of F shall equal the circum- 
ference of E, and the area of G shall equal the area of 
F, then the area of H will also equal the area of E, 
and the same is true of an octagon or polygon of any 
possible number of sides and of every ratio of circum- 
ference and diameter of a circle which can be used. The 
examples given will enable any one to prove the truth 
by figures for themselves. TJie proposition is therefore 
demonstrated. 

It is a remarkable fact, that among all the moaem 
attempts at analysis of the circumference of the circle, 
there is not one which gives to circumference a fixed and 
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definite locality, and I have never seen the man among the 
mathematicians of the schools, who, on a circle being 
placed before him, could point to the position of circum- 
ference and say, it is therey in that pldce^ simply because 
the imaginary line without breadth, having no existence, 
it can therefore have no fixed and definite locality, either 
in fact or in imagination ;-— being in itself a mechanical 
fallacy, it can never be mechanically applied, and for the 
present purpose is therefore useless. The laws of geom- 
etry are undoubtedly the laws of perfect mechanics, and 
anything which can have no existence, such as an ideal 
line toithout breadth^ is a mechanical falla/^y^ — and it is a 
mechanical trtUhy that nothing can have a definite and fixed 
locality, or occupy a definite and fixed position in space, 
without magnitude. The definition, therefore, "position 
without magnitude," whether applied to a line or a point, 
means nothing else, and cannot understandingly be made 
to mean anytliing else, but the place of a magnitude 
without the developed magnitude itself. The existence 
of any shape signifies limits and it is evident that a circle, 
in order to be a circle in nature^ must have limit, and a 
boundary definitely located, and mechanically defined, 
which boundary is its circumference ; otherwise a circle 
cannot exist in nature, not even in imagination, if imagi- 
nation be definite. It is evident then that the circumfer- 
ence of a circle having a fixed and definite locality, it is 
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therefore a mechanical line which limits the extension of 
the circle, forming a perfect boundary, and separating it 
from all surrounding material, and therefore it must have 
breadth^ even though such breadth may be less than any 
material portion of the circle developed ; such, for ex- 
ample, are the lines which make the points of cohesion in 
the diamond, or in metals; and such also ai*e the lines 
which sepai*ate the particles of water and enable them to 
flow by each other ; — ^being positive lines, they must ne- 
cessarily have breadth, though such breadth is evidently 
less than any particle of the water, the diamond, or the 
metal which can be divided again without the parts so 
divided losing their character ds waiter^ as a diamond, 
or as metal, — ^in other words resolving themselves into 
their original elements (see remarks on magnitude and 
infinities preceding prop, in., Appendix). 

It would seem as if the definition of Euclid was suffi- 
ciently explicit to show us the position of circumference, 
and the term circumference would seem to mean neither 
more nor less than a line droumsoribing and inclosing 
the figure. But the approximation of geometers is Tiot 
a line inclosing or containing the figure, but a line coin- 
ciding with the greatest diameter of the figure, and is 
therefore exactly equal to the figure (proposition l, 
Appendix), and if it have breadth, it is a part of the 
area of thefigure^ and therefore incloses or contains less. 
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ihom the whole jigv/re^ because no line can contain itself, 
and all that is within it : therefore — 

PEOPOSITIOK V. 

The ciroiumference of a circle by the measti/re of which 
the circle and the aqua/re a/re made equals and by which 
the properties of et/raighi lines and cv/rved lifies are made 
equals is a line otUside of the circUy wholly circumscribing 
it, and thoroughly inclosing the whole a/rea of the circle^ 
and hence, whether it shall ha/oe breadth or not, forms no 
part of the circle. 

The demonstration of proposition v. is by the inverse 
of proposition iv. By proposition rv., it has been shown 
that if E (Plate XII.) be a circle of any certain circum- 
ference, and F be a polygon of any number of sides, and 
of equal circumference with E, G, a circle of equal area 
with F, and H a polygon circumscribing G, and of an 
equal number of sides with F, then the area of H equals 
the area of E. The inverse of the fourth proposition is 
therefore as follows. A polygon of any number of sides 
(H) is such, that the area of its inscribed circle (G) is 
equal to the area of another polygon (F), whose circum- 
ference equals the circumference of another circle, E, of 
equal area with H. 

Now, therefore, E and H are equal in area, but E is 
formed of curved lines, and controlled by their proper- 
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ties, aud H is formed of straight lines, and controlled by 
tTieii* properties ; but it is evident, whatever may be the 
number of sides, that H is greater than G, and because 
G equals F in area, therefore H is also greater than F ; 
and because H is greater than F, and F is a polygon of 
the same number of sides as H, therefore the circumfe- 
rence of H is greater than the circumference of F ; and 
because the circumference of F equals the circumference 
of E, therefore the circumference of H is also greater 

PLATE XIL 







than the circumference of E, and if brought into the 
form of a circle, will wholly circumscribe E. But the 
circumference of H will constantly approacli more nearly 
to E by any increase of the number of sides of H, yet so 
long as H shall have the properties of straight lines, 
though the number of its sides were the greatest possi- 
ble, its circumference shall always be greater than the 
circumference of E (proposition n., chapter i.), and if 
brought into the form of a circle, vnll wholly circum- 
scribe E, though the difference may be such that it can- 
9iot be less. And in material things, any difference such 
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that it cannot be less, is one ultimate particle of what- 
ever material or thing is under consideration, which is 
also the essential difference between the properties of 
straight lines and curved lines. Tlie proposition is there- 
fore dermynatrated. 

By this demonstration, it is shown, that in order to 
give to the circumference of a circle the full expression 
of its value by the properties of straight lines, it is not 
to be measured as angular figures are, and after the 
manner of geometers, by a line coinciding with the 
greatest extent of diameter, but by a line outside^ wholly 
inclosing the diameter, and the difference between the 
two is the compensation due to the circumference of the 
circle, to answer to the relative difference of property 
shown in proposition i., this chapter.* 

* A very fine illustration from nature, of the difference between the line 
approximated by geometers and the true lin^ of circumferenee^ may l>e had by 
placing a glass of water before us. If we suppose the tumbler to be a perfect 
cylinder, then, the surface of the water it contains will be the area of a circle. 
Now, the line of circumforenco approximated by geometers, is a line, lying 
wholly inside of every part of the tumbler, and coinciding with the outer 
limit of the water. The line which I say is the true circumference is the inte- 
rior of the tumbler not coinciding with the water, but lying wholly outside 
of it, and inclosing the whole area of the water. It is evident that every 
part of the interior of the tumbler is farther from the centre of the circle 
than any part of the water, consequently the least possible line of the tumbler 
is greater than the greatest possible line coinciding with the water. 1)ecause 
the one wholly indoaes the other. It is evident, also, that the difference 
between the two lines is such, that "t7 cannot he lesi;^^ because, in the nature 
of the water, it would by its own gravity adjust its particles to fill the whole 
circle, until there is not room in the same plane for one partlde more in its 
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But this is not all the compensation which is due to 
the approximation of geometers, in order to make that 
equal to the true circumference ; for in supposing the dif- 
ference to be such " that it cannot be less," or only one 
particle, or least division of whatever material or thing is 
under consideration, I have only considered the difference 
between a line coinciding with, and a line inclosing the 
eirtreme diameter of ei perfect circle. But geometers con- 
. sider a polygon as equal to a circle, to the extent to which 
the sides of two polygons are brought to agree ; and I 
have shown (proposition n., chapter L), that it is not equal. 
I have also shown (proposition rv., chapter i.), that if the 
circumference of a polygon be brought into the form of a 
circle, both diameter and area are increased^ and if diame- 
ter be considered as Jixed^ as it id by geometers, then, in 
order to give to circumference the full expression of its 
value in a circle, compensation must be made to the ap- 
proximate ratio of geometers obtained from a polygon, of 
fov/r times the difference of area between a polygon and a 
circle having the same circumference, and hoth these dif- 
ferences^ which are errors of principle, are additional to 
all the errors arising from quantities neglected or lost in 
reducing their method to the calculation of figures. And 

least poirible natoial diviflion& If, therefore, the gtandard by which dream- 
f erence 10 measured should be water-particles, then the difference between the 
least possible line of the tumbler, and the greatest possible line of the water, 
would be one particle of water in its least possible natural division. 
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both the errors of principle, and errors of quantities neg- 
lected or lost, are increased in value by increase of mag- 
nitude, as shown in proposition iv., chapter i. 

A portion of my papers were lately in the hands of a 
learned professor for examination, who returned for 
answer the very unphilosophical reason, that because " my 
" ratio of circumference differed from the approximations 
" of geometers in the sixth decimal place, he therefore 
" thought I must be wrong." In answer to such unworthy 
objections, and to aid in the development of the truth, I 
here add the sixth proposition, as follows : 

PROPOSITION VI. 

The circumfereface of a circle^ svch that its half being 
multiplied hy toMus^ to which all other radii a/re equals 
shall ea^ess the whole a/i^ea of the circle^ hy the properties 
of straight lineSj is greater in valtie in the sixth decimal 
place of jigv/res than the savie circv/inference in any poly • 
gon of 6144 sideSj and greaier also thorn, ike approximor 
tion of geometers at the same decimal place in any line of 
figures. 

The foregoing proposition partakes of the general prin- 
ciple demonstrated in proposition n. and iv. Like them, 
therefore, it is true of eve?*y ratio of circumference and 
diameter which can be used, the approximate as well as 
the true ratio. For illustration, I will take the approxi- 
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mation of geometers as a ratio of circumference, viz., 
3.1415926535+, and let this be the circumference of a 
circle, and of a polygon. 

PLATE xm. 




Let the diameter of the circle E— 1; then the cir- 
cumference of E, by the above approximation,— 3.1 41- 
6926535+, and the area of E — .7853981633+. Let F 
be a polygon of 6144 sides, in which the line a^b is a 
perpendicular from the centre to either side of the poly- 
gon, and let the circumference or perimeter of F equal 
the circumference of E; i. ^., let it — 3.1415926535 +. 
Now, the perpendicular, a, 6, mathematically determined 
after Playfair and Legendre's method, is found to equal 
.499999934636, and the area of F (half the circumference 
by a, 5), —.78539806072+, which is seen to be less in the 
seventh decimal place, than the area of the circle E, hav- 
ing the same circumference. It has already been proved 
(propositions n. and iv.), that if G be a circle equal in area 
to F (Plate XIIL), and H a polygon of 6144 sides, cir- 
cumscribing G, then the area of H equals the area of E. 
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Now, therefore, let us see what is the circumference and 
diameter of H, which is equal in area to E. By the 
same approximate ratio of geometei-a (viz^, the circum- 
ference of one diameter —3.1415926535 +), if the area 
of G equals the area of F, then the diameter of G — 
.999999934636+, and the radius of G — 4.99999967318 
+, and the radius of G is seen to be the perpendicular 
on either side, or least radius of H (<?, d). If then, a, h 
(figure F), give for circumference 3.1415926535+, then 
c?, J, will give 3.1415928589 +, which is the circumfe- 
rence of H, and half 3.1415928589+ x c, t?, —.785398- 
1633 + — the area of H, which is also the area of E. 
Now, let it be remembered that the circumference of F 
equals the circumference of E, and the area of H equals 
the area oi E, but the circumference and diameter of H 
is greater than the circumference and diameter of F, by 
.0000002054+, which is in the seventh decimal place of 
circumference, and by .00000006536+, which is in the 
eighth decimal place of diameter. And if the diameter 
of F be considered asjfe^J, and the whole expression of 
these values be given to circumf ei'ence, in order to make 
F equal in area to E, then F should have a circumfe- 
rence— 3. 141593 +, which is seen to be greater than 
the approximation of geometers in the sixth decimal 
place of circumference, and greater also than the so-called 
perimeter of a circumscribed polygon. 



48 THE QXTABBATUBE OF THE CIRCLE. 

The proposition is therefore demonstrated. And it is 
evident that if a circle, and a polygon of 6144 sides (the 
number to which Playf air carries his bisection) shall have 
the same circumference, the area of the circle is gi'eater 
than the area of the polygon in the sixth decimal place ; 
and because the circumference of one diameter must be 
four times the area of the circle, therefore, by the tran- 
sition of shape to a circle, the true value of circumfer- 
ence is greater in the sixth decimal place than cmy 
approximation which can he obtained from a polygon of 
6144 sid^s, whether inscribed or circumscribed. 

This part of the subject is entitled to a more enlarged 
treatment, but wishing to make my preliminary demon- 
strations as brief as is consistent with my purpose of 
carrying conviction to the mind of any candid and care- 
ful examiner, I omit it here, and direct the reader to 
propositions l and m. (Appendix) for a more extended 
examination of a many-sided polygon, and the errors to 
which it is subject 

It will have been perceived ere this time, that I am 
fulfilling my first promise, that my reasoning would be 
" wholly origvnalj'^ and it will be perceived also, that my 
mode of reasoning differs somewhat from the schools, in 
its elementary basis, — ^that, whereas, they reason wholly 
from the properties of straight lines (angles are a mere 
property of straight lines), I have taken up the proper- 
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ties of both straight lines and curved lines, and have 
introduced ^lapes as a new element of mathematical rea- 
soning. I am authorized to do this by truth and nature, 
for it will readily be perceived, that the first step of 
nature in material creation, is, the production of sTiapeSy 
and lines are nothing more (the imaginary lines of 
geometry) than the dimensions, boundaries, and divisions 
of shapes ; therefore shapes are primary things^ and 
hence a ti*ue basis of mathematical reasoning. 

I have already shown (proposition nj.), that the circle 
is the primary shape in nature^ and hence the basis or 
beginning of all area, and that the square is only made 
the basis, by an arbitrary rule. I here add, as necessary 
to the course of development, another proposition, as fol- 
lows : — 

PROPOSITION vn. 

Because the circle is tlieprima/ry shape in natwe^ and 
hence tlie basis of area ; and because the circle is me<irsured 
by^ and is equal to the square only in ratio of half its 
circumference by the radius^ therefore^ circvmference and 
radius^ and n^t the square of diameter^ are the only natu^ 
red and legitimate elements of area^ by which all regular 
shapes are made equal to the squcure^ and equal to the circle. 

On examining the shapes one within another (Plate 

XIV.), it will be known to all mathematicians, witliout 

the necessity of a particular demonstration in each case, 
4 
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that the areas of any two or more equilateral triangles, 
squares, hexagons, or circles, are, to each other of the 
same shape, in ratio of area, as the squares of their 
diameters ; but no triangle, square, hexagon, or circle, is, 
to either of the otker shapes^ in ratio of area as the 
squares of the diameters of each. Therefore, the nega- 
tive part of the proposition, that the square of diameter 

PLATE XIV, 
















1 





is not the natural and legitimate element of area by 
which different shapes are made equal to one another, is 
proved. Referring to the figures again (Plate XIV.), it 
is seen, that any triangle, square, hexagon or circle, has 
an area equal to half its circumference by the radius (the 
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least radius iu all those shapes formed of straight lines), 
and consequently, they are all, to one another, in ratio of 

area, as half tkevr circumference hy their radius. 

The proposition is thefrefore demmist/rated ; and cir- 
cumference and radius are seen to be the only legiti- 
mate elements of area, by which all shapes, and all areas, 
are in like ratio to one another; and by which they are 
made equal to one another. 

PROPOSITION vin. 

The eguilaieral triangle is the primary of all shapes in 
nature formed of straight li7ieSj and of equal sides and 
angles^ and it has the least radius^ the least a/rea^ and the 
greatest circumference of any possible shape of equal sides 
and angles. 

PLATE XV. 




B 




It will be seen that the triangle A (Plate XV.') has 
three equal sides, formed of three equal lines. Now if 
we suppose a shape formed of only two lines, as B or C, 
if such shape shall have breadth or magnitude, then it 
must have more than two sides, and if more than two 
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sides, then it is formed of more than two lines, and if it 
has three sides, then it is a triangle. But if snch sup- 
posed shape formed of only two lines has neither breadth 
nor magnitude, then it is not a shape, and is without 
existence. It is evident therefore that no angular shape 
can liave less than three sides, and hence the triangle is 
the first production of nature, among shapes formed of 
straight lines, and, therefore, the equilateral triangle is 
the primary of all skapes formed of straight lines and 
equal sides and angles. 

It is known that if the circumference of the triangle A 
be bisected at each side so as to form a hexagon in shape, 
the area of the hexagon will be greater than the area of 
the triangle. In other words, if the circumference of the 
triangle be brought into any other shape, such as a square 
or a hexagon, the area will be increased as the number 
of the sides is increased, and the radius is also increased 
in like proportion, circumference always remaining the 
same. It is therefore known that because the triangle 
has the least number of sides of any possible shape, it 
has also the least radius and the least area of any pos- 
sible shape formed of straigtt lines of equal sides and 

m 

angles and of the same cvrcv/mference. And because the 
equilateral triangle has the least radius and the least area 
of any possible shape formed of straight lines, of equal 
sides and angles, and of the same circumference ; there- 
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fore by reciprocity it is known, also, to have the greatest 
circumference of any possible shape of equal sides and 
angles and of the same area* 

The propadiiion is therefore demonstrated^ and it is 
thereby manifest, that because the circle and the equila- 
teral triangle are the primaiy of all shapes in nature, one 
formed of curved lines and the other of straight lines, 
that therefore^ the primary difference between straight 
lines and curved lines, and hence their equality one to tlie 
oiher^ is to be found in the relations between the circle 
and the equUaieral triangle. 

PBOPOSmOK IX. 

2^he circle and the equilateral triangle are opposite to 
one another in all the elements of their const/ruction^ and 
hence the fractional diameter of one circle^ whi<;h is equal 
to the diameter of one squa/rey is in ihs opposite dfuplicaie 
ratio to the diameter of a/n eqxdlateral tn^iangle whose area 
is ona 

By diameter of the triangle, the perpendicular is here 
meant, as explained in the introduction to chapter L, or a 
line passing through the centre of the tiiangle, and per- 
pendicular to either side. 

Let it be supposed that the areas of the equilateral 
triangle A and the square C each equals ons. 

It has been shown (proposition vin.), that the triangle 
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has the least number of sides of any possible shape in 
nature formed of straight lines; and the circle is the 
ultimatum of nature in the extension of the number of 
sides. In this particular therefore they are opposite to 



PLATE XVL 





one another in the elements of their construction. By 
proposition vil it is shown that circumference and radius 
are the only natural and legitimate elements of area by 
which different shapes may be measured alike, and are 
made equal to one another. By proposition vm. it is 
shown, that the triangle has the least radius of any 
shape formed of straight lines of equal sides and of the 
same circumference, and by prop. n. and iv. chap. i. it is 
seen, that the circle has the greatest radius of any pos- 
sible shape of the same circumference. By the same 
propositions Jhe triangle is shown to have the greatest 
circumference and the least area of any shape formed of 
straight lines and equal sides, and the circle is shown to 
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have the least circumference and the greatest area of any 
shape. By a well known law of numbers and geometry 
by which the greatest product which any number or 
any line can give, is, to multiply half by half, it will be 
seen that if we take the aggregate of circumference and 
radius in each shape, it is most eqvally divided in the 
circle, and the most unequally divided in the triangle, of 
any possible shape. In every case, that which is greatest 
in the triangle is least in the circle, and that which is 

« 

least in the triangle is greatest in the circle, and in every 
particular the two shapes are at the extreme and oppo- 
site boundaries of natru/re^ being the greatest and the least 
that is possible. They are therefore opposite to one 
another in all the elements of their construction. There- 
fore the square being made the artificial basis of area 
(prop, vil), if the diameter of the circle B (Plate XVL) 
shall equal the diameter of the square C, then, in the 
fractional relations of B to C such diameter shall be in 
the opposite duplicate ratio to the diameter of A corre- 
spondingly situated. The diameter of A correspond- 
ingly situated with the diameter of B to C, it will be 
seen, is a line drawn across the centre of A perpendicu- 
lar to either side; therefore the diameter of B in its 
fractional relation to C is the opposite duplicate ratio to 
the perpendicula/r or diameter of A. And no other 
result is possible in the nature of things (see prop. vn. 
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Appendix and remarks following). The jfyropodtion is 
therefore demoTie^atecL 

PBOPOsmoir X. 

The fractional diameter of one circle which is equal to 

the diameter of one square being in the opposite ratio to 

the diamd&r of tJie equilateral tri<jmgle whose area is one, 

equals 81. 

PLATE xvn. 





Let the area of the eqnUateral triangle A (Plate 
XVII.) —1, and let the area of the square B also equal 
OTie^ then the diameter of the circle C, which is equal to 
the diameter of the square B, also equals one. And it 
has been demonstrated that in their fractional relations 
to the square, the diameters of A and C are in opposite 
ratio to one another. (By the diameter in the triangle 
it is known that the perpendicular is here meant, as in 
prop, i2t.) Now if the area of the equilateral tx'iangle A 
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shall eqaal one, then the diameter of A (a b)y is found 
to be equal to the squai'e root of three twice extracted, 
or V V-3. Hence the fractional diameter of C, being in 
the opposite duplicate ratio (which is the square of 
diameter) shall equal 3 twice squared or 3^x3' and 
8x3—9x9—81. The propositum is therefo7*e demou' 
strated 

Under the head of "The opposite duplicate ratio of 
the equilateral triangle and the circle," embracing prop. 
VL and vn. (Appendix), will be found a more particular 
examination of the points contained in the above demon- 
stration, to which the reader is referred for his more per- 
feet satisfaction. 

i>ROPOsmoN xr. 

The fractional a/rea of one square which is equal to the 
area of one circle^ equals 6561 ; and the wrea of the ci/rcle 
inscribed in one square equals 5153. 

It has been proved (prop, x.) that the fractional 
diameter of the circle C, which is equal to the diameter 
of one squai'e (B) whose area is one, being in the oppo- 
site ratio to ah (figure A), equals 81 ; hence the area of 
B— 81 X 81—6561 ; therefore B equals one, of 6561 equal 
fractional parts. Now let B equal H in area. It has 
been proved (prop, n.) that H— E in area, and if H— 1 
then E— 1, and if H— 6561, then E— 6561. It haa also 
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been proved (piop. n.) that if the circumference of F 
equals the circumference of E, then F and G are also 
equal in ai'ea. And because one circle which is equal to 
one square (the area of the square being one) is in 6561 
equal fractional parts, therefore any circle which is equal 
to any square (the diameter of the circle being a whole 
number) shall be in some definite and certain number ol 
^7^7 parts. Hence the areas of the circles C and G 
(their diameters being each 81) are some definite and 

PLATE xvm. 









certain number of 7J77 parts of B and H. It is proved 
by the approximations of geometry obtained by the pro- 
perties of straight lines, that C and G are each greater 
(much greater) than fj^ parts of B and H, and less 
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m 

(mucli less) than |||f , therefore (reductio ad db8V/rdu7n) 
they shall be each f^Jf because they can he nothing eUe^ 
there being no other jyti V^^^ between 5152 and 5154. 

The jproposition is therefoi^e demonstrated ; and the 
fractional area of one square which is equal to one circle 
(the area of each being one) is 6561, and the fractional 
area of one circle inscribed in such square is 5153. 

It will now be seen that having determined two parts 
of each C and G, i.e.^ having determined the fractional 
area and diameter of each, if we divide the area by one- 
fourth the diameter, it will give us the circumference of 
eacL And because the diameter of each C and G— 81, 
and the area of each -=5153, therefore 5153-5-20.25 
(j the diameter) —254+ with a remainder forever. It 
is evident, therefore, as has always been the case with 
others, that I have not yet reached a circumference which 
may be expressed in a whole number, and in decimal 
figures, without a remainder. I therefore add another 
hJidi final proposition as follows. 

PROPOSITION xn. 

The true ratio of circumference to diameter of all 
circles^ is four times the area of one circle inscribed in 
one square for the ratio of circumference^ to Hie area of 
the circumscribed square for the ratio of dia/m^ter. And 
hence the true and primary ratio of circumference to 
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diameter of (dl circles is 20612 jpa/rts of cvrcfamferenoe to 
6561 jparte of diameter. 

PLATE XIX. 

It will be known that if the di- 
ameter of the circle G inscribed in 
H (Plate XIX.) — 1, then the area 
of H also —1. It will be known 
also, that the area of G equals half 
the circumference, multiplied by half the diameter, and 
i X J —J ; hence the diameter of G being one^ then the 
area of G equals \ its circumference, and vice versa, the 
circumference of G equals four times its area. And the 
diameter of G being one, it therefore equals the area of 
H, because the area of H — 1. Therefore, the first pai-t 
of the proposition is demonstrated, and four times the 
area of any inscribed circle for a ratio of circumference, 
to the area of the circumscribed square for a ratio of 
diameter, is seen to be a true ratio of circumference to 
diameter of all cvrcles. 

It has been proved (proposition xl), that by the pri- 
mary relations existing between straight lines and cui'ved 
lines, as developed by the opposite ratio of the equilate- 
ral triangle and the circle, the fractional area of H — 
6561, and the area of G — 5153 ; therefore^ the true and 

primaa^ ratio of circumference to diameter of all 
circles — 4 G for the ratio of circumference to the area 
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of H for the ratio of diameter; and since G — 5153, 
and H -= 6561 ; therefore^ the tt^ite said primary ratio of 
circumference to diameter of all circles — 5153 x 4 — 
20612 parts of circumference to 6561 parts of diameter. 
The proposition is therefore demoiisi/rated^ AND THE 
QUADRATURE OF THE CIRCLE IS DEMON- 
STRATED ! 1 



-•♦♦- 



NOTE TO CHAPTER II. 

The ratio of Metins, known for more than a century- 
past (113 to 355), is the nearest approximation to the 
truth ever made in whole numbers ; but it does not an- 
swer the imperative law contained in our twelfth propo- 
sition, and therefore it cannot be tine. The circumfer- 
ence cannot be divided by four without a fraction or re- 
mainder. By whatever means Metius may have ob- 
tained his ratio, its examination shows it to be of the 
same composition as mine, but improperly divided. For 
example, if 113 shaU be the diameter of a cii-cle, then 
circumference (355) is nrixT part too littla But if 355 
shaU be the circumference of a circle, then diameter (113) 
is ttAt part too big. It thus affords a very perfect evi- 
dence that my ratio 20612 to 6561 is the true one, as we 
have fully proved it to be. 

It will be seen by any one who has carefully examined 
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the propositions in chapters i. and ii., that the whole 
demonstration of the quadrature rests on the last four 
propositions of chapter ii. All the others are only pre- 
liminary, to show the errors of the received mode of 
demonstration, and to open the way to this. The remark 
following the eighth proposition, chapter ii., is, I think, a 
conclusion fully warranted, viz., " that because the equi- 
" lateral triangle and the circle are the primary shapes 
" in nature (propositions in. and vin.), one formed of 
" curved lines, and the other of straight lines, therefore, 
"the primary difference between straight lines and 
" curved lines, and hence their equality one to the other, 
"is to be found in the relations between the circle and 
" the equilateral triangle." 

This most natural and conclusive inference, drawn 
from proposition vin., and those preceding it, leads our 
reason at once, to examine the relative properties of the 
equilateral triangle and the circle, and this examination 
again leads us at once to the ninth proposition, viz., 
" that the equilateral triangle and the circle are opposite 
" to one another in all the elements of their construction, 
" which are concerned in plane extension, and hence the 
" square of diameter being made the artificial basis of 
"area (proposition ni., chapter ii.), therefore the equilat- 
" eral triangle and the circle are opposite to one another 
" in ratio of the squares of their diameters." 
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This, then, is the only question of doubt to settle. If 
the equilateral triangle and the circle are opposite to 
one another in all the elements of area which enter into 
their construction, then are they also opposite to one 
another in ratio of the squares of their diameters. 
But if they are not opposite to each other in ratio of 
the squares of their diameters, then are they not oppo- 
site to one another in the elements of their construction. 
This question, the examination of proposition ix. settles 
conclusively. And that proposition being proved, all 
the serial and algebraic formula in the world, or even 
geometrical demonstration, if it be subject to any error 
whatever, cannot overthrow the ratio of circumference 
and diameter which I have * established ! So long as it 
remains a truth, that the equilateral triangle and the 
circle are opposite to one another in the elements of their 
construction, that ratio of circumference and diameter 
will stand forever against all argument and all demon- 
stration by the properties of straight lines which can be 
brought to disprove it, and time will show all the efforts 

of geometers to disprove this, to be just as idle as all 

» 

their efforts to prove the value of the circumference of a 
circle by the properties of straight lines have been. 
These (the opposite elements, and opposite ratio) are the 
particular facts which govern the circumference of the 
circle in its relation to the properties of straight lines. 
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according to the idea given out in proposition n., and 
whicli make the circumference of the circle to be ^par- 
tieular fact aUo^ and not a general principle, though 
true to every thing that is a general principle ; because, 
it is itself the basis of all general principles in relation 
to magnitude or area. 

Having therefore arrived at that point where, by the 
natural conclusion of the course of reasoning adopted, the 
quadrature of the circle is demonstrated, I may now be 
allowed some freedom of remark, in respect to the credit 
due to those opinions, which for the last half century 
have condemned the quadrature as a useless question, 
which it was impossible to solve. 

In respect to the utility and value of the quadrature, 
I think it will be sufficient to say, what no one will dis- 
pute,— that from the earliest time in the history of geo- 
metry, up to the close of the last century, it was con- 
sidered by every mathematician, geometer, or a«trono- 
mer, of eminence, to whom the world owes all that is 
known on these subjects, that the quadrature of the circle 
was^ and is^ an elementary truth, necessary to be known 
for the perfection of mathematical and astronomical sci- 
ence>. In the course of the preceding demonstrations, I 
have shown clearly, I think, that all geometrical truth 
whatsoever in nature, rests on two simple things, vi^., 
the properties of straight lines, and the properties of 
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curved lines, and that the relations of these to one 
another are controlled by the circle and the equilateral 
triangle bb primary shapes ; — the circle, and consequently 
curved lines, being prima/ry of all others / thus sustain- 
ing, and being sustained by, the opinions of all ancient 
geometers, that the quadrature of the circle lies at the 
foundation of all geometry, and hence it is an elementary 
truth, necessary to be knovrn for the perfection of mathe- 
matical scienca Under these circumstances, therefore, 
when I hear a learned professor of an exact science, stig- 
matize the quadrature as " a useless question," and one 
in which an approximation is " near enough," I am led ta 
conclude, either that he does not understand the nature 
of the subject, or that his declaration is made to console- 
a wounded pride, in not being able to reach it himself. 

Foremost among those who have thrown discredit on 
the pursuit of the quadrature, has been Legendre, the 
eminent French geometer; and I confess to an abundant 
surprise at finding, that the professors of our own day 
and in our own country particularly, have received what 
Legendre and a few others have said, as established factSy 
and have adopted their opinions without investigation. 
A distinguished professor of one of our own distinguished 
colleges, to whom I sent some of my original papers, once 
wrote me in reply ; and referring to Legendre's note on 

the subject of the quadrature in his elements of georae* 
5 
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try, added, " that after seeing what that great geometer 
" had said, he presumed I woidd think no more of the 
"subject." 

In the note in question, Legendre, after having finished 
a bisection to 8000 sides of a polygon, asserts that he 
has determined the quadi*ature as accurately as the root 
of any imperfect square can be determined to the same 
number of figures ; and after concluding that the perfect 
quadrature is impossible to be found, he adds, in sub- 
stance, " that no one having the least pretension to geo- 
" metrical science will ever make the attempt " ! ! ! 

What consideration is due to these declarations of 
Legendre, may easily be seen. He did not even attempt 
to measure the exact circumference of a circle ; and he 
did not in tlie least consider the properties of cui-ved 
lines, notwithstanding that it had long been known that 
curved lines do possess properties essentially different 
from straight lines ; yet Legendre, by his method, tacitly 
admitted that he knew nothing about them. He simply 
bisected the perimeters of two polygons on a given 
radius, until he brought their sides to agree with each 
other to a certain extent, and these polygons he then 
considers as equal to a circle, to the extent to which their 
sides agree ! ! But I have demonstrated (and any one 
may know the fact, almost without a demonstration), that 
a circle is greater than a polygon having the same cir- 
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camference at any possible number of sides (proposi- 
tion n., chapter i.) ; especially is it greater than a poly- 
gon of only a few thousand sides. The conclusion of 
Legendi'e is therefore manifestly erroneous. He mea- 
sured nothing but polygons, and judging from what he 
Las said, he neither understood nor regarded the effect 
of transition of shape to a circle. (See remarks follow- 
ing proposition rv., chapter i.) 

Again, it will be obvious to all, that by Legendre's 
method, his errors from quantities neglected or lost in 
the course of his calculation and reduction of his result 
to numbers, are errors of each side of the polygon, and 
consequently while in that result, he can have but one 
eiTor in his diameter, he has 8000 errors in his circum- 
ference, and he could not tell whether the sura of these 
errors was plus or minus ! ! And again, these errors are 
not errors in the circumference of a circle, but m tJie 
perimeter of his polygon^ which is of less value than a 
circle having the same circumference (propositions n. and 
IV., chapter i.), and hence they stand additional to the 
errors arising from the essential difference in the proper- 
ties of straight lines and curved lines, which he has 
wholly neglected. Yet in the face of these facts, which 
he must have known if he understood his own work, Le- 
gendre has seen fit to declare that he has determined the 
circumference of a circle " as accurately as the root of 
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any imperfect square can be determined." And who, I 
ask, will, after such a declai'ation, feel his pointed rebuke, 
or trast what he may say on this subject, without first 
satisfying himself of its truth ? For my own part, I can- 
not but believe that Legendre's reputation as an eminent 
geometer, great though it deservedly is, would have been 
more enduring if he had left the note in question out of 
his work entirely. 

Playf air of Edinburgh was nearly contemporary with 
Legendre, and his and Legendre's Elements of Geometry, 
or rather their editions of Euclid, have for a long time 
been standard works in the English language on these 
subjects. Playf air admits that his and Legendre's 
method of determining the value of circumference 
(which was also the method of Archimedes 2000 years 
ago) is defective^ but modestly says, that geometers 
"know no better method." Still, however, Playf air is 
supposed to have sided with Legendre in thinking that 
the exact solution of the problem was unattainable. 

Legendre and his coadjutors were members of the 
Academy of Science in Paris, and Playfair and his co- 
adjutors were members of the Royal Society of London. 

About the era of the publication of Legendre's work, 
the Academy of Science in Paris, instigated perhaps by 
Legendre himself, passed a resolution, that, in order to 
discourage such futile attempts, the Academy would not 
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thereafter receive or consider any paper purporting to 
be on the subject of the quadi'ature ! And within a few 
years thereafter the Royal Society of London passed a 
similar resolution ! I And under the influence of these 
tyrannical proceedings it soon became disreputable in 
learned circles for any one to talk of finding the quadra- 
ture. But these resolutions of Academies and Royal 
Societies needed some support, and Montucla generously 
comes to their aid in his History of the Quadrature^ 
which, so far as I can judge from such portions of it as 
have been brought to my notice, appears to hav^e been 
written for the purpose of pandering to the prejudice of 
the French school, rather than to do justice to the 
many ingenious but ineffectual attempts which have been 
made to solve the problem. He remarks with an air of 
complacency, which he seems to think is a conclusive 
argument, " that he never knew a man who thought that 
"he had discovered the quadrature who would ever be 
" convinced of his error, however clear the argument 
"might be against him." In this remark he seems to 
have forgotten the possibility that he and his associates 
were afflicted with the same human infirmity, — an un- 
willingness to be found in error ; but if we examine into 
the histoiy of the progress of scieiice we shall find, that 
the great stronghold of this mental disorder has always 
been found within the walls of the academy. If this 
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remark needed any evidence to sustain it, I might instance 
the almost uniform and steady resistance with which the 
schoolmen have received the first introduction of every 
great discovery in modem times. 

Here then is a brief history, and the whole merit, of 
that popular prejudice which for the last fifty yeai« has 
condemned the quadrature of the circle as a useless ques- 
tion which it was impossible to solve, and the only very 
remarkable thing about it is, that the really intelligent 
portion of the mathematical world should so long have 
bowed in meek submission to the tyranny. 

The only demonstration ever made or ever pretended 
to be made, by any body, of the impossibility of finding 
the quadrature, is only a demonstration that the thing is 
impossible to be done by means of straight lines alone, 
and geometers have never used any thing else but sti'aight 
lines. I have never disputed nor even doubted the truth 
of this fact, — ^far otherwise, and so plain and simple is it, 
that it hardly needs a demonstration, but may be easily 
understood by almost any one of only moderate mathe- 
matical perception. And any one who thinks that there 
is necessarily any disagreement between what I pi^ofess 
to have proved and what has been proved by the pro- 
perties of straight lines, or any thing contained in 
Euclid, will find himself, upon a full examination, to 
be greatly in error. 
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I also have demonstrated the same thing, and not only 
so, but my demonstrations show clearly, I think, that no 
straight line, nor any number of straight lines in a cir- 
cumferenc€y can in any possible shape or position, be 
equal in relative value to the same length of curved line. 
Hence, instead of pursuing the quadrature as all others 
have done, by reasoning wholly on the value of straight 
lines, I have first turned my attention to discover by 
means of shapes, some of the relative properties of curved 
lines to straight lines, and then I have made use of these 
properties to determine their relative value, — a mode of 
proceeding, I believe, never before adopted in any at- 
tempt to solve the problem; and few, I think, will 
disagree with me in believing that this is the only practi- 
cable mode. Some may, and no doubt will, find fault 
with it. I expect this, from the influence of that pre- 
judice, of which I have just given the brief history, for 
it is hard, for scientific men above all others, to yield 
a fostered prejudice. But there are many men, even 
among the most learned of mathematicians, whose power 
of reasoning is limited to the rules which they have 
studied, and any thing which comes not within these 
rvles is, to their minds, not mathematical. Such men are 
often heard to say, that " the science of mathematics is 
"perfect, and that there can be no change or improvement 
"in it ; because," say they, " mathematics are true and 
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"the truth cannot change." But such men, I think, 
confound the W7*itten soience with the truth, — ^they 
substitute a mere method by which truth is determined, 
for the truth itself, when in fact there is only an affinity 
between them. 

Nature never follows the rules of mathematicians, 
though she is in fact a much better mathematician than 
any of them ; she arrives at the same results however by 
methods of her own, and the nearer our methods ap- 
proach to hers, the more simple and perfect they ara 

The whole written science of mathematics is, to my 
mind, nothing more than a process of inductive reason- 
ing, wherein by laying hold of certain primary and self- 
evident truths, we thence deduce other truths, and from 
these again yet others, constantly widening the basis of 
our reasoning and always ascending from the lower to 
the higher. In geometiy the primary tiniths adopted, 
are, simply, a straight line and a given angle, which form 
the starting points, and from these, all subsequent deduc- 
tions are made. The whole course of geometrical reason- 
ing therefore which is known to geometers, is based 
wholly on the properties of straight lines, and all circular 
or spherical measures as yet known or used, are, only ap- 
proximations of straight lines, which in circular oi* sphe- 
rical magnitudes are both erroneous in principle and 
subject to error in reducing their value to numbei's. 
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Other systems of geometry miglit have been formed 
which would have been equally accurate, yet based on 
other shapes, and other truths, but whatever might have 
been adopted as a basis of reasoning, numbers in some 
one of their infinite capacities of notation and combina- 
tion, and not straight lines alone, would lie at the bottom 
of all truth. It is not necessary, therefore, in order that 
our reasoning should be strictly mathematical, that we 
should follow the rules laid down in the written science 
for reasoning on the properties of straight lines. It is 
only necessary that we should abide by the same princvples 
which are laid down for that purpose, viz. to seek first 
from nature some primary and self-evident truth from 
which to deduce other truths ; and then it is only neces- 
sary, that the truths deduced, should be "necessary results 
of the primary truth which forms the basis of our rea- 
soning, and if we abide by these principles then our 
reasoning is strictly maiheraatical. 

Hence whether we reason from the properties of num- 
ber or magnitudes, shapes or areas, lines or angles, or 
from all of them together, if our deductions are necessary 
results of premises founded on the truth of nature, then 
such deductions are mMhemcUically true. Hence I am 
justified in speaking of a line and an area as equal to 
one another (prop. xn.). Hence also I am justified in 
introducing shapes as an element of mathematical reason- 
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ing independently of lines, because shapes are primary 
thin^8 to which lines are only secondaiy, and of which 
they constitute the divisions, dimensions, and boundaries, 
as stated in the remarks preceding prop. vn. ; but without 
shapes lines could have no existence and would become 
wholly inoperative. 

Every step which I have taken and every conclusion 
at which I have arrived in the course of these demonstra- 
tions, will be seen to be founded in, and a necessary result 
of, some primary and self-evident or demonstrable truth, 
and therefore the result cannot fail to he true. 

In mathematics there is no room for opinion ; what a 
man demonstrates by unerring principles he either Tcnows 
to be true, or he does not understand his own work ; and 
believing that I have understood mine, in submitting 
these demonstrations to public examination and criticism, 
I do not ask whether the result is true or not, but I 
assert that it is true^ and I hold myself ready to sustain 
it Fortunately, however, for my time and industry, the 
truth, if such it be, being once known, will be able to 
sustain itself without my aid. 

It is proper in connection with this note to remark, 
that the method of demonstration which I have here 
used, is not the only method by which I have arrived at 
the same result, nor is it the method by which the ratio 
of 20612 to 6561 was first discovered. That ratio was 
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first discovered by reasoning wholly on the properties of 
numbers, independently of lines or shapes, and assuming 
as a primary truth, jvnt^ that in the material creation, 
numbers and things (magnitudes or shapes) are identical 
and inseparable. Secondly^ (as has here been demon- 
strated) that the circle is the beginning of all magni- 
tudes or areas (prop. in. chap, ii.), and hence the hegin- 
ning of numbefi'% also; and thirdly^ that consequent 
upon these primary truths, numbers themselves are con- 
structed upon the circle, and hence by reciprocity, the 
truth of the circle is the basis of .numbers. Reasoning 
from these premises, I arrived at the conclusion that the 
circle in its relation to the square (the area of each being 
one) is composed of 6561 parts, and taking advantage of 
approximation I inferred, " reductio ad absurdum," that 
the ratio of circumference to diameter is 20612 to 6561. 

In conformity with the premises above assumed it will 
be seen, that the fraction 6561 divided into its own root 
(81) produces a repetition of the digits to infinity, the 
number eight being always missing in consequence of our 
use of decimal numbers in dividing. Also if \/6561 (81) 
be divided into one^ the product is the same — a repetition 
of the digits to infinity, thus conclusively showing that 
this fraction is a basis of the digits used in the construc- 
tion of decimal numbers. 

The second method by which I arrived at the same 
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result was by dissecting a circle and a square into tlie 
original whole and s^a/rate parts necessary to form a 
circle and a square in shape and area^ as follows : 



PLATE XX 





Let us suppose that the circle and the square (Plate 
XX.) are equal to one another in area, that is each —1. 
It will be seen that the parts necessary to form a circle 
in shape and area are three ^ viz., it has one continued line 
for circumference, and therefore its circumference is one, 
— ^it has but one diameter (all other diameters in it 
being equal) and therefore its diameter is one (pi a 
circle) — ^the square of its diameter is also one (of a 
circle) making in all three original whole and separate 
parts ; and these are seen to be all the parts that are 
necessary to form a circle in shape and a/rea^ and without 
these parts a circle cannot be formed. 

The square is seen to have four distinct and separate 
lines for its circumference, and therefore its circumfer- 
ence is fov/r. It has two diameters, viz., A B and C D 
(the greatest and the least) and therefore its diameters 
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ai'e two. The squares of its diameters are three (of a 
square) viz. A B^=l and C D*=2, making in all nine 
original whole and sepa/raie parts, and these are seen to 
be all the parts necessary to form a square in ^liwpe and 
a/rea^ and without these paints and in these exact propor- 
tions a square cannot be formed. 

In the two shapes, however, these parts are, in their 
relation to one another, wholly incongruous in quantity. 
Their equality to one another is therefore to be found by 
the following method. 



PLATE XXI. 
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Let us again suppose that the circle 
A, and the square B (Plate XXI.), 
each equal one in area. It has been 
seen that the circle is composed of 
three original, whole and separate 
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parts, and the square of nine parts. Now, let tis sup- 
pose that there are three magnitudes contained in A, of 
any shape, and of incongruous quantities, and that there 
are nine other magnitudes contained in B, of any other 
shape, but individually and relatively to one another, 
and to the magnitudes contained in A, wholly incongru- 
ous in quantity, but the sum of the three magnitudes, 
and the sum of the nine magnitudes are each equal to 
one another ; and for illustration, let these magnitudes 
be represented by the areas contained in the lines drawn 
on A and B. It is now required to j&nd the perfect 
equality of these incongruous magnitudes in the parts of 
the square. Therefore, because A = 3 ; therefore A' = 
9 ; and we have the figure C equal to the circle A, equal 
to the square B, and equal to the nine magnitudes con- 
tained in B, but the individual magnitudes contained in 
C and B are unequal to one another ; therefore, because 
B = 9, then B* = 81 ; and we have the figure D 
equal to the circle A, equal to the square B, and equal 
* to the whole of C, but the separate magnitudes contained 
in C and D are unequal to one another ; therefore, because 
= 9, then C = 81 ; and we have the figure E, equal 
to the circle A, equal to the square B, and equal to D, 
and all the separate magnitudes contained in D and E 
are equal to one another in thepa/rta of the square. 
Now, therefore, because 81 is the smallest number 
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by which the unequal magnitudes of incongruous quan- 
tity contained in A and B can be made equal to one 
another in the pa/rta of the square ; therefore, 81 is a 
diameter by which the fractional area of B equals the 
area of A, and hence the fractional area of A, in its rela- 
tion to B=E^, and the fractional area of B, in its rela- 
tion to A, = T>\ and because E and D each = 81, there- 
fore the fractional area of A and B each = 81 x 81 = 
6561. Therefore it is demonstrated that the fractional 
area by which one circle is equal to one square (the 
whole area of each being ovs)^ is in 6561 equal fractional 
parts. 

Now, therefore, since B = 6561, by proposition xl, 
chapter ii., it is proved that the area of a circle inscribed 
in B = 5153, and by proposition xn., it is proved that 
the true ratio of circumference to diameter of all circles 
is four times the area of the circle inscribed in B for a 
ratio of circumference to the area of B for a ratio of 
diameter ; therefore, the true ratio of circumference to 
diameter of all circles is 20612 parts of circumference to 
6561 parts of diameter. Q. E. D. 

In proposition in. (chapter ii.), I have demonstrated 
that the circle being the primary shape in nature, is 
therefore the natural basis or beginning of all area, 
and the square is the artificial basis created by science. 
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From this conjunction of facts, it will be seen, that 
because one shape (the circle) forms the basis of nature, 
and the other shape (the square) forms the basis of art, 
therefore, in the elements of their construction, or in the 
component parts necessary to form a circle and a square 
in shape and area (the area of each being one), the 
original whole and separate parts of the two shapes shall 
also he equals or the parts of one shape shall be the root 
of the parts of the other shape. Therefore, it is seen in 
the foregoing demonstration, that because the circle is 
primary ^ therefore the parts necessary to form a circle in 
shape and area are the root of the parts necessary to 
form a square in shape and area (|/9 = 3), and although 
these parts, in their relation to one another, are origi- 
nally and individually wholly incongruous in quantity, 
yet because one is the root of the other, their perfect 
equality is readily found, as in the demonstration. 

It will be perceived by any one who has read with any 
care, that this method of showing the relations between 
the circle and the square to consist of 6561 fractional 
parts, has no similarity to, or dependence on the oppo- 
site duplicate ratio ; on the contrary, it is entirely dis- 
similar, and wholly independent of it in its principles 
and operation. I consider it perfect in itself, yet I do 
not advance it here as any part of my argument, but rest 
the decision of the truth entirely on the opposite dupli 



THE QUADBATUBE OF THE OIBCLK 81 

cate ratio of the equilateral triangle, and the circle as 
explained and demonstrated in the twelve propositions 
of chapter iL 

I have introduced these two last methods of finding the 
quadrature only into this note, and have forborne to treat 
them at length on their merits, lest I should make my 
work too large. I would remark, however, that I hold a 
mass of papers and correspondence in respect to this last 
method (which was the second in the course of discovery), 
and which I may make use of at some other time. I con- 
sider one method sufficients and I have preferred the 
method of demonstrating by the opposite duplicate ratio 
of the equilateral and the circle, which was the third in 
the course of discovery, as being to my present views the 
most full and complete. But it is due to the merits of 
the second method, by dissecting of the parts, to say, that 
it was the examination of the subject by this method 
which revealed to me many of the properties of curved 
lines, and led to the discovery of the third fi-om the oppo- 
site duplicate ratio. 

The methods which I have used may doubtless be some- 
what improved upon, and there are various other methods 
which may be used for the purpose with equal effect, but 
if we have found the truth, it is useless at present to 

descant upon these. 
6 



APPENDIX TO THE QUADRATURE. 
Makt persons, I think, imagine, that the Qnadrature 

I 

of the Circle is only a kind of mathematical puzzle, which 
if ever solved, some one should at length work out by a 
single proposition ; and few, perhaps, will be prepared to 
believe that a work so large as this has already become, 
is really necessary in order to demonstrate satisfactorily 
any single truth. But such persons, I think, can have 
very little idea of the numerous ramifications into which 
mathematical science has extended itself, and how intim- 
ately it is associated, not only with every other practical 
science, but with every material truth in the known 
world. 

If the ratio of circumference to diameter had been 
among the early discoveries made, and the whole super- 
structure of mathematical science been built upon the 
knowledge of its truth, it would then have been easy 
enough to satisfy inquiry by the demonstration of a 
single proposition; but unfortunately such is not the 
fact. The foundations of the science were laid without 
this knowledge ; and under the guidance of multitudes 
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of the most acute minds the world has produced in every 
age, it has extended itself seemingly in every possible 
direction, and embraced almost every possible subject, 
until it must be admitted, that it is at this day, the mod 
perfect of all the sciences. Yet it is notpm'fect in any of 
its branches. In geometry especially, the most beautiful 
and useful of all, there is something yet lacking, and 
that something lies at the foundation of all truth, — it is 
the QiTABBATURE OF THE CiRCLE, or a knowledge of the 
exact relations between straight lines and curved lines, 
which has never yet entered into the structure of the 
science. The science is, I think, rightly esteemed the 
most noble, most useful and most beautiful structure in 
existence, the production of human intellect searching 
after truth, but even this most perfect production of 
intellectual labor is not yet perfect. It was begun with 
a knowledge of only a part of the truth, — ^without under- 
standing all the principles which in its upward progress 
to its present magnificent proportions would be brought 
into practice, — and as in all such cases a want of a 
knowledge of all the principles which were to be carried 
out, has necessarily led to some error ; — some of its ma- 
terials are heterogeneous, and they have become mixed 
and confused; — some of its proportions are unjust, be- 
cause not exactly true, — some of its parts will not match, 
and the workmen have tried to make them match by 
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correcting their differential properties. And we all 
know well enough that in architecture when we attempt 
to correct a mistake in this way, instead of pulling it 
down and building up again, we must go on correcting 
mistakes forever, — ^if but one stone is out of place, it 
will go on displacing others until the whole building is 
marred, — it is a mathematical result that it should be so, 
and no power of man can correct it without correcting 
the first error. Such, then, is the condition of the struc- 
ture of mathematical science at the present day, and to 
carry out the figure, the building can never be complete. 
It wants another and a . chief corner-stone to rest upon, 
before the cap-stone can be laid and the whole present a 
finish which the Deity himself may look upon without 
pity on the intelligence of his creatures. And to accom- 
plish this, we must first remove all that part of the 
superstructure which is out of place, and this is in fact 
the thing proposed when we attempt the solution of the 
Quadrature. 

To supply this chief comer-stone we must go back to 
the first error, dislodge it from its foundation, and estab- 
liijih the truth in its place, by determining without condi- 
tion or qualification the exact relations between straight 
lines and curved lines; and we must then follow up the 
first error, through all gradations of the received science, 
and wherever it has established itself as a prinicple, we 
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must prove sucli principle to be false by unmistakable 
evidence, dislodge it, and take it away entirely ; or other- 
wise it will become the foundation of other false princi- 
ples through every gradation of an infinite series. 

Such is the constitution of the human mind, and such 
the force of education, that the minds of mathematical 
professors are, with exceedingly rare exceptions, formed, 
upon ike rules of tlie written science^ and they are unwill- 
ing, and often variable to comprehend any other. One 
highly distinguished among them lately remarked, re- 
specting himself, that these ideas (meaning the received 
theories of mathematical science) "had become a part 
" of the furniture of his mind, and were too strongly 
" fixed to allow him to consider any other." From this 
cause I have found tht^ Professors as a body, though 
learned in the received theories, to be among the least 
competent to decide on any newly disco veered principle. 
Their interest, education, pride, prejudice, self-love and 
vanity, all rise in resistance to anything which conflicts 
with their tenets, or which outnins the limits of their 
own reasoning. So little do they look beyond the prin- 
ciples inculcated by education, and so tenaciously do they 
hold on to these, that when driven from one principle 
they fall back upon another, and when beaten from all, 
they return again to the first, and maintain themselves 
by dogged assertion, or by charging their assailants with 
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ignorance and a lack of science ; such at least I have 
found to be the character of the professors, in eveiy ap- 
proach I have made to them ; and this being the case, if 
I would have my work acknowledged, there must no foot- 
hold be left for them to rest upon. I think I shall be 
justified by the candid judgment of well-informed men 
when I say, that, in consequence of this character of 
profe^ors, the practical men of the age are at least a 
century in advance of the schools, in all useful scientific 
knowledge. I have made these remarks as a reason and 
in explanation of the necessity of following out in fur- 
ther minutiae the errors to which various problems in 
geometry are subject in consequence of the error in the 
Quadrature. 

In the preceding chapters I have made occasional ref- 
erence to facts and principles not previously demonstrated, 
and which, in a work strictly mathematical, or which was 
designed for practical instruction, should have stood first, 
as elementary truths, on which subsequent demonstrations 
were to be based. But to have made my preliminary 
demonstrations too diffuse, would, I think, have diverted 
attention from the main object; and I have therefore 
thought fit, under the head of an Appeudix, to demon- 
strate such propositions as will answer to the above ref- 
erences and sustain the argument. 

One of the facts stated as above in the course oi 
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this work, but not previously demonstrated, is as fol- 
lows: 

That "the so-called perimeter of the circumscribed 
" polygon of geometers is not a circumscribed perimeter, 
" but that the center of each side of the perimeter coin- 
" cides with a part of the area of the circle, and at an 
" infinite number of sides is brought wTwlly witliin the 
" area of the circW^ 

The first general proposition on which geometers pro- 
ceed, in approximating to the circumference of a circle, 
is as follows, — ^that "the circumference of a circle is 
" greater than the perimeter of an inscribed polygon, and 
"less than the perimeter of a circumscribed polygon, 
" whatever may be the number of the sides." 

Nothing can be more true than this general proposi- 
tion, — provided, however, that the conditions of the pro- 
position be fully adhered to in the demonstration. In 
the fifth proposition of the first book of Playfair's Sup- 
plement to the Elements of Geometry, he demonstrates 

■ 

that " the area of any circle is equal to the rectangle con- 
" tained by the semi-diameter and a straight line equal to 
"half the circumference." This proposition is also true, 
and Playfair demonstrates it by an insc7*ibed and circwn- 
scribed polygon ; but the conditions of the demonstration 
are, that the perimeter of the ci/rcumscribed polygon lies 
outside oi the circle " touching it," and on this condition^ 
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and on no other^ is the first above named general propo- 
sition true (see prop, v., chap. ii.). It will be seen that 
if the perimeter of the cii-cumscribed polygon lies ouir 
side of the circle " touching it," then no part of the peri- 
meter of such polygon can coincide with any part of the 
area of the circle. My object is now to show that the 
line approximated by geometers as the circumference of a 
circle, is a line coinciding with the greatest limit of the 
area of the circle, and exactly equal to the circle, but 
not inclosing or cmUaining it according to the tnie defi- 
nition and meaning of circumference (prop, v., chap, ii.), 
— ^that this result is produced by bringing the so-called 
circumscribed perimeter wholly within the area of tlie 
circle, and that consequently geometers by their method 
of bisection do not adhere to the conditions of the first 
general proposition, and hence their result is not true 
in its application to the circumference of the circle. 
Therefore, 

PROPOSmON I. 

The line approximated hy geometers as the circumfer- 
ence of a circle is a line coinciding loith the greatest limit 
of the area of the circle^ but not inclosing or containing 
it. 

I now take the eighth proposition of Playf air's Supple- 
ment to the Elements of Geometry, book i. It reads as 
follows : "The perpendicular drawn from the center of a 
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" circle on the chord of any ai*ch, is a mean proportional 
" between half of the radius, and the line made up of the 
" radius and the perpendicular drawn from the center on 
" the chord of double that arch. And the chord of the 
** arch is a mean proportional between the diameter and 
" a line which is the difference between the radius and 
" the aforesaid perpendicular from the center." This pro- 
position is also true in every particular in respect to an 
insct'ibed polygon^ which forever remains inscribed within 
the circumference of the circle, and if it could be carried 
out in bisection without any quantities being lost in the 
calculation (which it cannot be), it would constantly ap- 
proach to a line coinciding with the greatest limit of the 
area of the circle, but could never equal it, much less in- 
close it (prop, I., chap. i.). 

In Plate XXIX., 
we have the same 
diagram which Play- 
fair uses in his illus- 
tration, with the ex- 
^ ception that I have 
added the circum- 
scribed line H L. 
To reduce the pro- 
position to its value 
in numbers the proceeding runs thus. 



PLATE XXIX. 
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The diameter (A B) being considered as 2, the line 
D E is the chord of one-third of the circumference ; it 
bisects the radius C B, and since C B=l, therefore C F= 
.5 and C F is the perpendicular from the center C on the 
chord D E, and the proposition is, that " the chord of the 
" arch is a mean proportional between the diameter and a 
" line which is the difference between the radius and the 
" aforesaid perpendicular from the center." Therefore C B 
-C F=F B, and F BxA B=D B% and v^D B^= 
D B, which is the chord of the arch of one-sixth of the 
circumference, or double the number of sides of D E. 
And in like manner he proceeds to a greater number of 
sides. 

Now, the circumscribed line H L, according to Play- 
fair's method, is a proportion to D B, as C B is to C. G. 
The chord D B is supposed by geometers to be a line 
wliolly without breadth ; consequently, it is a line, the 
center of which exactly coincides with the extreme point 
of the perpendicular, C G, neither one particle short of 
it, nor one particle beyond it, the point of the perpen- 
dicular itself being, in fact, part of the chord; conse- 
quently, the circumscribed line H L, being a proportion 
to the inscribed line or chord, D B, as C B is to C G, its 
center (H L) exactly coincides with the extreme point of 
C G, when C G is produced equal to C B, neither one 
particle short of it, nor one particle beyond it, so that i£ 
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the perpendicular C G shall have breadth given to it, then 
the extreme point of C G, when produced equal to C B, 
will form part of the line H L. It is evident, therefore, 
that the perimeter of Playfair and Legendre's so-called 
circumscribed polj^gon does Twt lie outside of the cii'cle 
" touching it," according to the conditions of the fifth pro- 
position, book first, of Playfair's Supplement, in which he 
demonstrat-es the area of a circle, as before referred to, in 
this proposition; on the contrary, the perimeter, at the 
center of each side of his so-called circumscribed polygon, 
coincides with a part of the area of the circle, and at an 
infinite number of sides is brought wholly within the area 
of the circle, and, therefore, does not inclose or contain it. 
It is evident, also, that the condition of the first general 
proposition of Playfair and Legendre, that "thecircum- 
" f erence of a circle is greater than an inscribed polygon, 
" and less than the circumscribed," is not adliei'ed to in the 
demonstration, and, therefore, their result is not true by 
their own showing, but is less than the truth ; because 
the perimeter of their so-called circumscribed polygon 
does not lie outside of the circle " touching it," according 
to the required conditions ; and because, as has been de- 
monstrated (proposition v., chapter ii.), the true circum- 
ference of a circle is a line wholly outside of the circle, 
thoroughly hiclosing its whole diameter, and containing 
the whole area of the circle withhi it ; therefore, the true 
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circumference of a circle is greater than the so-called cir- 
cumscribed perimeter of Playfair and Legendre, at an in- 
finite number of sides. The proposition is tJierefore de- 
monstrated. 

A teacher of mathematics, in one of our institutions, ih 
answer to my second proposition, chapter i, that " the 
" area of a cii'cle is greater than the area of any polygon 
" having the same circumference of the circle, whatever 
" may be the number of the sides of the polygon," wiites 
me as follows : 

" You endeavor," says he, " to prove that the polygon 
" can never equal the circle " (each having the same cir- 
cumference, and being measured in the same way). 
^ Your reasoning on this appears to be correct; but by 

* comparing this approximation with some others that 

* are analogous, I am inclined to believe that it is not 
' correct Take, for instance, the series 4 + 2 + 1+4 
' + J + J, <fec. Now, this series will approach to 8, but 

* can never equal 8 ; but embraced in an algebraic f or- 

* mula, it can be proved, that it does exactly equal 8, 
' when the number of the terms are infinite. Let the 

series = x. 



u 



aj = 4 + 2 + l+i + i + J, &c., to infinity: 
"Then a? — 4 = 2 + l + i + J + J, « +2: 

"Then 2a?— 8 = 4+2 + l + i + i + ^, " 
" The last series is identical with the first, and things 
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" which are equal to the same things, are equal to one 
"another; therefore, x = 2x — 8; or = 2a? — x — 
"8 ; or = a? — 8 ; or a? = 8." 

Now, this "algebraic formula" is, by the learned 
teacher, called a demonstratiorij 8ho^ving that my second 
proposition, chapter i., cannot be true ! It looks, on the 
face of it, almost too ridiculous to be entitled to an 
answer, — but the learning of the schools must have con- 
sideration ; and besides, if this proposition be true, then 
my second proposition is not tn^ue. 

I now desire the reader, therefore, to turn to the 
second proposition, chapter i., and examine the demon- 
stration which follows ; he will see that my demonstra- 
tion is purely geometrical (not algebraical) ; the result 
is a necessity of the immutable laws of numbers, — ^the 
reason of that result is palpable to the senses, — the 
demonstration is therefore accepted as a self-evident 
truth. Now, what is the character of the learTied teach- 
er*% demonstration ? It is an algebraic formula, adopted 
to prove a thing contrary to the evidence of our senses, 
and contrary to the operations of numbers; for it is 
admitted, that in numbers (and numbers are in them- 
selves infinite), the series can never equal 8. It will be 
seen, that in the treatment of this series by algebraic 
formula, the conclusion arrived at, or rather assumed, is, 
that an infinity = ; but I have already promised, in 
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another part of this work, to show that an infinity, what- 
ever it may be, is always such, that in material thitigs it 
is capable of increase^ which I shall presently do by this 
same series. This algebraic formula, then, is called a 
demonstration ; but, in point of fact, it is no demonstrar 
tion at all. By a demonstration, I understand the mak- 
ing known and certain, something which was before 
unknown and uncertain. But the whole of the forego- 
ing so-called demonstration by algebraic formula, de- 
pends entirely on the assumption or hypothesis— ^r^^ 
that infinity = 0; and secondly^ that the series does 
actually equal 8. But if the assumption or hypothesis 
be Twt t/rue^ then the demonstration is not true / and I 
say, that in this case, the assumption is Tiot true / and 
unless it be first proved by numbers, the algebraic for- 
mula proves nothing but what the contrary may be 
proved by the same formula. 

The absurdity of calling this a demonstration, is, I 
trust, manifest; yet it is the same which the learned 
teacher of mathematics, in one of our public institutions, 
has furnished to disprove my second proposition, chapter 
i., which is purely a geometrical proposition, geometri- 
cally demonstrated. And this is not the only instance 
which can be found, of the absurd use in the schools, of 
algebraic formula for demonstrating geometrical proposi- 
tions, — there are many things thought to be demon- 
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strated, whicli will not bear criticism. One rule, Low- 
ever, will apply to all such ; if the assumption or hy- 
pothesis be true, the demonstration is true ; but if these 
be not true, then the demonstration is Twt true; and 
in this case, I say, it is not true, that the series 4 + 2 
+ l + i + i + i <fe^-> = 8, or that an infinity = 0, be- 
cause numbers and things are identical and inseparable, 
and neither in numbers or things, is there any infinity of 
division = 0.* 

The term " infinite," or *' infinity," is one often used in 
mathematics, but no explicit or satisfactory definition has 
ever been given to it An infinity, in its fullest sense, 

* The same teacher, who so learnedly attempts to refute my secoi\d pro- 
position, as above, writes me also in respect to my ratio of circumference, 
that " it is proved by trigonometry that the length of an arch of 45** to ra- 
dius = 1 ; " is equal to a certain series, by which they obtain for circumfer- 
ence 8.1415926 + , and hence, he thinks that my ratio cannot be true. And 
this method, he says, ** is entirely independent of the method of Eudidy He 
would thus argue, it seems, that trigonometry and geometry are two things ; 
and hence the result by what he pleases to call trigonometry, is independent 
of the result by the geometrical method ! I a most potent argument, to be 
sure. But I trust it will require no argument to prove that the principles 
made use of in trigonometry to determine the series, being based only on the 
properties of straight lines, are precisely the same, and involve the same error 
as Euclid^s method, and therefore, come to the same result. If the method, 
by a fluxionary series deduced from trigonometry, is right, then Euclid's 
method is right also, because l^ey come to the same result But Euclid's 
method has been proved to be wrong, and to be less than the truth ; there- 
fore, the series proved by trigonometry is also wrong. In fact, all such series 
are ncthing but approximations ; there is not a single absolute truth in the 
whole range of them ; the very name of an infinite series signifies something 
which never can be equaUed. 
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whether of magnitude or minuteness, is an incomprehen- 
sible term, — no mathematician ever did, or ever can 
understand it. To suit their own purposes of reasoning, 
however, mathematicians have assumed that an infinity, 
or a thing infinitely diminished, equals 0, and therefore, 
throw it away, as having no appreciable value. Of the 
error of this course, I have already given an example, in 
the remarks following proposition rv., chapter L No 
schoolboy's mind was probably ever satisfied with this 
throwing away of infinity^ until, by instruction and 
habit, he has at length reached the full grown prejudice 
of his teachers; .for he sees, that they are sometimes 
obliged to reverse the case, and then they endeavor to 
prove that nothing may equal something ! ! If an infinity 
be really nothing^ the term cannot be applied to material 
things, nor can we reason on the two (finity and infinity), 
or from one to the other, with the slightest ground of 
tiTith for a basis. Therefore — 

PEOPOsmoN n. 

An injmity in minuteness is always such^ that it is 
capable of increase / therefore, in material things, an inr 
finity equals one ultimate pa/rticle of matter, such, that in 
the nature of the material or thing under con^ideroition, it 
cannot he less. 

I propose to demonstrate this second proposition by 
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the series 4 + 2 + l+J + J + ^ <fec., and I say that 
this series, infinitely extended, equals 8, minus one infin- 
ity ^ or minus one ultimate particle of matter, such that, 
in the nature of the matter or thing considered, it cannot 
be less. The demonstration is by numbers, and it pro- 
ceeds upon the supposition, that the so-called infinity of 
mathematics is a point of division beyond the power of 
numbers; therefore, 4 + 2 + 1 + 0.5 + 0.25 + 0.125 + 
0.0625 = 7.9375. I have here carried the division to 
one-sixteenth only, and it is seen that the sum of the 
whole is deficient of 8, one part of the last division, and 
in order to make the sum of the whole equal 8, the last 
addition must be t^ instead of iV; and the same is seen 
to be the case, to whatever point in numbers the division 
may be carried, — ^two parts of the last division must be 
added, to make the sum of the whole equal 8 ; therefore, 
let the number of divisions be the greatest possible; 
then, because the number of the terms or divisions is the 
greatest possible, and two parts of the last division are 
necessary to be added, in order to make the series equal 
8, and by the addition of one part only, an equal part is 
left ; therefore, the part left is infinity, which numbers 
cannot divide; hence, it is evident that numbers them- 
selves are infinite, — hence the divisions of numbers equal 
infinity, — Whence an infinity equals the greatest possible 

divisions of numbers, — Whence an infinity equals one part 

7 
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of the greatest possible division of any magnitude — ^hence 
also, by reciprocity, in the above series, an infinity is 
such, that by constant doubling, it shall amount to 4; 
therefore, an infinity is such, that it is capable of increase. 
The proposition is tlierefore demonstrated. 

It will be seen from the above demonstration, that be- 
cause numbers themselves are thus proved to be infinite^ 
as, indeed, our own perceptions tell us they are, and be- 
cause the series 4 + 2 + 1 &c., can never be made to 
equal 8 by numbers^ therefore, the assumption that the 
series does actually equal 8, or that an infinity = 0, is 
absurd, and any demonstration by algebraic formula, to 
the effect that they do, is a pure assumption, contradic- 
tory of e\'idence, and is therefore absolute nonsense. 

The general idea which we get of magnitude in the 
abstract is, that it is something which entirely fills a def- 
inite portion of space. Now if we suppose any definite 
portion of space to be divided first into two equal parts, 
then four, then eight, and so on to infinity^ it is evident 
that the sum of all the parts into which the space is 
divided is equal to the whole, and one part equals infin- 
ity, but if we suppose that infinity = 0, then each part 
= 0, and the whole space is annihilated, which is absurd ; 
because although we cannot say with certainty that 
matter cannot be annihilated, we do say and know with 
certainty that blank and abstract space cannot be anni- 
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hilated. It is evident, therefore, that both numbers and 
82)ace are infinitely divisible, and no minuteness can 
annihilate either. But material things, or magnitudes 
developed to the senses, are governed by laws which the 
existence of space or magnitude in the abstract does not 
involve. Such developed magnitudes, as, for example, 
those composed of metals, of wood, water, earth, &c., do 
not always, and I think never, fill all the space within 
their boundaries. Their parts may be united by cohe- 
sion, but the lines which separate their parts, though 
infinitely diminished, are not annihilated. And the bodies 
are filled with porosities which allow of the existence 
of other material elements of nature within them, as air, 
moisture, light, heat, electricity, &c. We know, also, 
thart all material or developed magnitudes are formed 
from original elements which had a separate atomic exi^it- 
ence, and which have become united by their affinity, 
and hence they may be so divided that they cannot he 
divided any farther without resolving themselves into 
their original elements, or when so divided they may 
perhaps, by forming new affinities, take some new form 
of existence, by which they may appear to be annihi- 
lated ; and this we know is the process of nature, by 
which all material things are subjected to decay and 
renewal ; but there is no such law governing space or 
magnitude in the abstract, which is subject to no decay 
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or renewal. Therefore it is evident that in material 
things magnitudes are not infinitely divisible in the 
fullest sense of the term Infinity. I would, therefore, 
define the term infinity in its application to material 
things (of which alone we are cognizant) in a limited 
sense, and say that an infinity is one ultimate particle of 
whatever material or thing we are considering, such that 
it cannot be divided again without resolving itself into 
its original elements, and therefore such that it cannot he 
less. 

This, I think, is the only comprehensible meaning 
which can be given to the term " infinity " in its relation 
to matter, and if we reason from things which are inborn- 
prehensihle, we reason of things which we know nothing 
al^out, and must fall into error. If we apply the term 
infinity in its fullest sense to material things, it will 
result, that a drop of water may be divided just as many 
times as a square foot or an ocean of water, and we shall 
have one infinity greater than another infinity of the 
same thing, which is absurd. But if we apply the term 
as I have defined it, then no infinity can exist which is 
greater than another infinity of the same thing, and a 
most important truth is brought within comprehensible 
limits. 

I have made these remarks concerning infinity, as 
b(^ing applicable to the propositions which follow, and to 
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the differeTice between a line coinciding with the greatest 
limit of the area of any circle, and a line inclosing the 
same circle, which is infinity, in the sense in which I 
have defined it. 

I shall here lay down as axioms certain truths which 
have been proved. 

First. The cii'cumference of a circle is a line outside 
of the circle thoroughly inclosing it, and of itself forms no 
part of the area of the circle. (Prop, v., chap, ii.) 

Second. The line approximated by geometers, if it 
could be correctly determined, is a line coinciding with 
the gi'eatest limit of the area of the circle, but not inclos- 
ing it. (Prop. L, Appendix.) 

Third. The line approximated by geometers is con- 
sequently the circumference of a circle whose diameter 
is less than one in its relative value to the area of a 
circle. (Prop, l, m., and rv., chap, i., and prop, i.. 
Appendix.) 

Fourth. The difference between a line coinciding 
with the greatest limit of the area of anjr circle and a 
line inclosing the same circle, is an infinity, such that it 
cannot be less. (Prop, n.. Appendix.) 

Fifth. In material things an infinity equals one ulti- 
mate particle of whatever material or thing is under 
consideration, such that it cannot be less. (Prop, n., Ap 
pendix.) 
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Sixth. An infinity is a value, such that it is always 
capable of increase. (Prop, il, Appendix.) 

I now propose to show, that by the method of geom- 
eters, the omission of the difference between the radius 
of a line coinciding with the greatest limit of the area of 
any circle and the radius of a line inclosing the same 
circle, being an infinity, the value of such infinity is in- 
creased in the process of bisection, so that it shall always 
equal one or more in the sixth decimal place at some 
great number of sides of a polygon; and may be in- 
creased, so that it shall equal cu'cumference itself. 

It will be seen that if the radius of the inscribed line, 
or line coinciding with the greatest limit of the area of 
the circle, shall equal finityy then because the difference 
between the inscribed and circumscribed lines equals in- 
iinity^ therefore the radius of the circumscribed line 
equals infinity added to finity. Therefore let finity=F, 
and let infinity added to finity = I F.* 

PROPOSITION in. 

The value of that infinity which is the difference be- 
tween the inscribed and circumsc7'ibed lines (axiom 4iA), 
and which is omitted by geometers^ is increased in the pro- 

* In examining this proposition, we cannot do better than to place a 
glass of water before us, and supposing the tumbler to be a perfect 
cylinder, let us then suppose the radius of the greatest possible line 
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ce88 of bisection of a circumference^ so that at some great 
nuinher of sides of a polygon it will always equal one or 
mare in the sixth decimal place, and may he increased, 
Vfitil it shall eqval circuvfereifice itself. 

I now take Playfair's eighth proposition, first book, 
of the Supplement to the Elements of Geometry, in 
which he bisects a circumference to 6144 sides of a 
polygon. 

Let the radius C B pI'^™ xxx 

(Plate XXX.) equal 
one of thirteen deci- 
mal places, that is, C 
B = 1.0000000000000, 
then let C G equal the 
perpendicular on the 
chord of the arch of 
6144 sides, then C G 
= .9 9 99 998692723-h 
then C B — C G=G P, and G Px A B=D P« and >^D 
P'=D P, which is the chord of the arch of 12288 sides. 
Now let F (finity) equal radius=C B= 1.0000000000000, 
then F — C G=G P, and G P is seen to equal 1307277— 
as follows : 



coinciding with the water=F, and the radius of the least possible line 
coinciding with the interior of the tumbler=I P, which last ia the cir- 
cumference of the- circle. 




104 APPENDIX TO THE QUADRATURK 

r= 1.0000000000000 

CG= .9999998692723-1- 



GP= 1307277 — 

Now let an infinity, such as I have defined it, equal one 
in the thirteenth decimal place, than I F (infinity added 
to finity) =1.0000000000001. — then IF — CG=GPand 
G P is seen to equal 1307278 — as follows: 

I F=1.0000000000001 

C G= .9999998692723 + 

GP= 1307278^ 

It is seen that while radius (F and I F) are lines of 
fourteen figures^ or a left hand unit and ikirteeri decimal 
places, G P is a line of only seven figures^ or a left hand 
unit and six decimal places, and GP=IF — CGis seen 
to be greater by one in the sixth decimal place than G P 
=F — C G, and because G Px A B=D F and VD P= 
D P, and D P x 12288 (the number of sides of the poly- 
gon) gives the circumference, therefore GP=I F — CG 
will give a circumference greater in the sixth decimal 
place than G P=F — C G, viz., G P=F — C Gx A B at 
12288 sides of a polygon will give a circumference =3. 
1415925 +, which is less than geometer's ratio, and G P 
=IF — GGxAB will give 3.1415948+ which is grea;ter 
than my ratio. It is evident, therefore, that if tliat in- 
finity which is equal to the essential difference in the 
properties of straight lines and curved lines, and which is 
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consequently equal to the difference between a line coin- 
ciding with the greatest limit of the area of any circle, 
and a line inclosing the same circle, shall equal one in the 
thirteenth decimal place of any line of figures, the omis- 
sion of the value of that infinity, will, in the process of 
bisection, to 12288 sides of a polygon, be an eri'or in the 
sixth decimal place of circumference. 

Again, let F (finity) equal one of 16 decimal places or 
1.0000000000000000, and let infinity equal one at the 
sixteenth decimal place, then I F (infinity added to 
finity) =1.0000000000000001. Kow let the circumfer- 
ence be bisected fifteen times, this will give an inscribed 
polygon of 196608 sides, then let C G equal the perpen- 
dicular on the chord of the arch of 196608 sides of an in- 
scribed polygon, thenCG=.9999999998723363+and F 
— C G is again seen to be a line of only seven figures, or 
a unit with six decimal places, and IF — C G is also again 
seen to be gi'eater by one in the sixth decimal place than 
F — C G, and at 393216 sides of a polygon, an infinity 
which had a value of only one in the sixteenth decimal 
place, is increased in value in the process of bisection, so 
that it becomes one or more in the sixth decimal place of 
circumference. The error of geometers is herepalpahlo 
— it does not even require the .calculation to be made in 
order to demonstrate it, — the number of figures left when 
C G is deducted from F is alone suflicient to show at 
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what point the perimeter of the polygon found, is less 
than the true circumference of the circle ; and it is per- 
fectly obvious, that this error arises from mechanical 
causes perceptible to our senses ; and from an inherent 
property of numbers which cannot be obviated by any 
method of geometers. It is not a defect or discrepancy 
of numbers, but it is the perfection of their power, and is 
easily understood to have its origin in the essential differ- 
ence in the properties of straight lines and curved lines. 
It is perfectly obvious also, from the examples given, that 
if we could go on with the process of bisection until the 
perpendicular on the chord of the arch should equal 
radius, the error arising from an infinity omitted at the 
first, would then equal circumference itself. It is equally 
obvious, that at whatever point in a line of figures we 
may place the value of infinity by hypothesis, whether at 
the sixteenth, twenty-fifth, fiftieth or even at 1000 deci- 
mal places fi'om unit, by the process of bisection the value 
of such infinity will be increased, so that at some great 
number of sides it will equal one in the sixth decimal 
place, and finally equal circumference itself. I do not 
say that one in the sixteenth, twenty-fifth or any other 
particular decimal place ia an infinity ; but if a little 

estimate be made of its value, we may form some concep- 
tion, whether it may, or may not, be an infinity, according 

to my definition of the term. 
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A difference which equals one in the sixteenth decimal 
place, is such, that if the magnitudes be miles, it is less 
than one hair's breadth in the distance from our earth to 
the sun ! and it is less than the four4kou%a)idik part of 
one hair's breadth in the circumference of our earth ! 
Whether such a difference is equal to an infinity in the 
surface of a glass of water (to which I have requested 
reference in a note to this proposition ; also in a note to 
proposition v., chapter ii.), or, in other words, equal to 
one particle of water in its least possible natural divi- 
sion, and hence equal to the difference between the greaU 
est possible line coinciding with the water, and the least 
possible line coinciding with the interior of the tumbler 
inclosing the water, I leave to the decision of those whose 
perceptions and judgments are more acute than mine. 

Th« principle shown in the examples given, is a clear 
one, and proves conclusively, that if the ocean were 
spread out in a circle, and the difference between a line 
coinciding with its utmost limit, and a line inclosing it, 
should be of the value of one particle of water in its least 
possible natural division, the omission of that value 
would, in the process of bisection by geometers' method, 
at some great number of sides of a polygon, become of 
the value of one or more in the sixth decimal place of 
circumference, and finally equal circumference itsell 

The proposition is therefore demo fist rated 
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Having completely demonstrated in the six proposi- 
tions of chapter i., that there is an essential difference in 
the properties of straight lines and curved lines, which 
has been entirely overlooked by geometers, — ^having 
proved, also, in the fifth proposition, chapter ii., that the 
circumference of a circle is a line outside of the circle, 
thoroughly inclosing it, — in the first proposition of this 
Appendix, that the line approximated by geometers is a 
line coinciding with the greatest limit of the area of the 
circle, but not inclosing it, — and by the last proposition, 
that the method of geometers is such, that by the differ- 
ence in value between these two lines, they are liable to 
an error in the sixth decimal place (the point at which 
their ratio differs from mine) : It would seem as if all 
these demonstrations were sufficiently conclusive, and 
that no professor of mathematics would, hereafter, object 
to my ratio of circumference and diameter, on the ground 
that "it differs from their approximation, in the sixth 
"decimal place," unless he can first disprove all these 
demonstrations, by some other means than by assuming 
to be true, just what has here been proved to be false, a 
very common way of repelling truth, and then dignify- 
ing it with the name of argument. But I have no idea 
that professors will so easily surrender the point. It is 
a part of human nature, that men who are joined to 
their idols wiU never let them go, — neither will they. 
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As I have said in the introduction to this Appendix, " if 
"driven from one principle, they vrill fall back upon 
"another; and if beaten from all, they will return again 
" to the first ; " and all we can do, is, to reduce them to 
this necessity, and there leave them. 

In the last demonstration, 1 have introduced, in a note, 
for illustration, the natural lines which are seen in a glass 
of water, to show the difference between a line coinciding 
with, and a line inclosing the circle. It will be asserted, 
no doubt, as an objection to the truth shown in the last 
demonstration, that these two lines (the line of the 
water, and the line of the tumbler) meet at a line with- 
out breadth, which is the common boundary of both, and 
which they hence assume to be the common measure of 
both; in other words, that because the w^ater and the 
tumbler are said to touch each other, that they are there- 
fore equal. We must, therefore, anticipate their resort, 
and take away the subterfuge, before they turn to it. If 
they would make this objection, and abide by the prin- 
ciples it involves, it would be quite sufficient for my pur- 
pose, for thereby, they would admit that the circumfer- 
ence of the circle is a line outside of it, and it is then 
easily shown, that the difference between this line, and 
that which they measure, is that infinity for which I con- 
tend, and the omission of its value lays them liable to an 
error in the sixth decimal place. But they will not abide 
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in argument, even by the principles of their own objec- 
tions, because it is not their purpose to find the truth, but 
only to object, lest, in finding the truth, they should be 
found in error. I shall, therefore, treat the subject on its 
trae merits, and show that no curved line, or line of cir- 
cumference, can be, at the same time, the common boun- 
dary, and the common measure, of its two sides. 

Before proceeding to demonstrate this principle, I 
shall here again lay down as axioms, certain truths, 
which have been proved, or are self-evident. 

First. Space is infinitely divisible. (Proposition n., 
Appendix.) 

Second. Any imaginary line (not a material line), 
which shall have breadth, is equal to the same portion of 
space. 

Third. Any such imaginary line is, therefore, infinitely 
divisible. 

Fourth. Any such imaginary line may, therefore, be 
divided, until each part or division is less than any mag- 
nitude which is, or can be, developed to our senses.* 

* Theoretic men have a science, which they caU the "science of van- 
ishing quantities/^ and which, I chink, has some affinity to this idea of the 
existence of magnitude in the abstract, beyond the means of development ])y 
any magnifying power. I know nothing about it, — ^I only know that they 
have such a science, by which they assume to prove that a thing may be anni- 
hilated, and yet continue to exist. I can well nnderstand how abstract space 
or magnitude may be diminished, until it is entirely beyond our perceptions 
by any aid wliich we can control And I can weU understand how a devel- 
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Fifth. At whatever point the division of such a line 
may be arrested, because the sum of all the parts is equal 
to the whole ; therefore, each part must have breadth, 
though the breadth of each part may be such, that no 
conceivable number of them would form a developed 
magnitude. 

Sixth. One line cannot occupy two places at the same 
time; neither can two lines be in one and the same 
place, at the same time. 

Seventh. Two lines without breadth, cannot exist with 
no breadth between them. 

Eighth. The existence of shape signifies limit ; hence, 
no shape can exist without a boundary line definitely 



oped magnitude may, by some process of mature, become so divided, as to re- 
turn to its original elements ; or, by forming some new affinities, pass to some 
new form of existence, and be seemingly destroyed. But I cannot understand 
how a thing can exist, and yet not exist at the same time. The thought 
appears to me to have its origin in the same class of abstract absurdities, which 
calls an infinity ^^nothing,'' and then, as occasion may require, seeks to prove 
that nothing equals something. If asked my opinion, what is the limit of 
developed magnitudes, I would answer, that, so far as I am able to reason, 
without much reflection on the subject, the atmosphere we breathe, seems to 
be the boundary line. Being the medium of light which discloses magnitude, 
it cannot, itself, be developed to the senses. We can feel its mass, by its own 
motion, or its resistance to motion ; but we can neither see, nor feel, its sepa- 
rate particles, though convinced of its existence in that form, by the evidence 
of its motion. I should infer, from these facts, that particles less than those 
of the atmosphere, cannot be made perceptible to our senses ; and that parti- 
cles greater than those of the atmosphere, are within the scope of possible 
development. 
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located, which foims no part of the shape itself, which 
boundary is its circumference. 

PROPOSITION IV. 

No two lines lying in the same plane^ parallel to ea/)h 
other^ and between two other st/raight lines, xvhich are at 
an angle to each other ^ can possibly coincide, and be equals 
except they shall become one and the same line. 

PLATE XXXI. 

A — S T> "C II* 




Now, let A and B (Plate XXXI.) be two straight 
lines, at an angle to each other. They are seen to meet 
at the point P, therefore, P may be supposed to be the 
center cf a circle. Now, let C and D be two other lines 
parallel to each other, lying in the same plane, between 
A and B, and at any angle to A or B. It is seen that C 
and D are not equal ; that which is farthest from the 
center, P (C), being greatest, and that which is nearest 
the center, P (D), being least; and because one is greater 
than the other, therefore, if brought together, they cannot 
coincide, but in part ; and if either C or D be divided 
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through tlie center, lengthwise, in halves, the halves can- 
not coincide ; and if they be divided thus, to infinity, no 
one part of either C or D can coincide vrith any other 
part, because no one part of such division is equal to any 
other part, — that which is farthest from the center P 
being greatest, and that which is nearest the center P 
being least. So also with E and F, or G and H, and if 
either be divided to infinity, none of the parts so divided 
can coincide with any other part, because no one part of 
such division is equal to any other part, but each part 
coincides vrith, and is equal to itself (yrdy. Theproposfir 
tion is therefore demonstrated. 

PROPOSmON V. 

All lines which have a fixed and definite locality must 

have hreadth^ whether they he lines of circumference^ or 

lines of division^ 

PLATE xxxn. 




Let A and B (Plate XXXII.) be two straight ^ine : at 

an angle to each other as in the fourth proposition, and 

meeting at the point P, which is supposed to be the cen- 
8 
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ter of a circle. Let A and B form two sides of a devel- 
oped magnitude equal to M, and let N and O be two 
divisions of that magnitude. Now let an imaginary line 
supposed to be without breadth fall on M dividing it 
into two parts as at C D. It is known that every part 
of M which is nearer to the center P than such imagi- 
nary line, will fall on the inside (O), and every part of M 
which is farther from the center P than such imaginary 
line will fall on the outside (N), therefore (proposition 
IV.), every part of N parallel to C D is greater than any 
part of O parallel to C D. And because every part of N 
is farther from the center P than any part of O, there- 
fore the line C D being a line of division has breadth, 
however we may have imagined it, though such breadth 
may be a less portion of space than any separate existing 
portion of the material or thing divided. The jpropo- 
sition is therefore demonstrated. 

From the demonstration of the last two propositions and 
their preceding axioms these necessaiy deductions follow : 

Fii'st. In the illustration of the glass of water, the 
water and the tumbler being two materials wiiich cannot 
mingle, they therefore occupy two places, and (axiom 
6th) " one line cannot occupy two places at the same 
"time," therefore the lines coinciding with each (the 
water and the tumbler) are not one and the same line. 
And (axiom 7th) "two lines without breadth cannot 
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" exist with no breadth between them," therefore the line 
between the water and the tumbler has breadth^ though 
such breadth is evidently less then one particle of water 
in its least possible natural division (see Note to prop. 
v., chap, ii,). 

Second. Every part of the tumbler is farther from 
the center than any part of the water, hence (prop. iv. ) 
the line of the tumbler is greater than^the line of the 
water, therefore a line between them being greater than 
the inside and less than the outside, cannot be the com- 
mon measv/re of both its sides, — it must be assumed as 
the measure of one or the other of its sides, but not of 
both, and in this particular it differs essentially from a 
straight line. It is the common boundary of both its sides 
only, as it limits extension from the center outward, and 
diminution toxoards the center inward, which are opposite 
qualities. From the mere fact of its being the common 
boundary, it cannot therefore be the common measure of 
extension on both its sides. 

Third. The line between the water and the tumbler 
being a line of division which separates all parts of the 
water from all parts of the tumbler, leaving one wholly 
inside and the other wholly outside, therefore (proposi- 
tion v.) that line has breadth, and being defined and con- 
sidered as having breadth, therefore when we say that 
the circumference of the water is the least possible line 
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of the tumbler, we mean, of course, that line which limits 
the diminution of the interior of the tumbler toivard the 
center, and which limits the extension of the surface of 
the water y^'^w the center, and is the common boundary 
of both, but not the common measure of extension in 
both. But if the line between the water and the tum- 
bler be defined and considered as having no breadth^ then 
the line which would limit the extension of the water 
would be a line coinciding with the tumbler and not in- 
terior to it, and the line which would limit the diminution 
vof the tumbler toward the center would be a line coin- 
ciding with the water and not outside of it. And be- 
cause the circumference of a circle is a line outside of 
the circle thoroughly inclosing it (prop, v., chap, ii.), 
therefore if the definition of a line shall be that it has 
7w? breadthy then the cii'cumference of the water is a line 
coinciding with a part of the tumbler. But, if the defi- 
nition of a line shall be such that all lines which are 
lines of division and have a fixed and defined locality Tiave 
h'eadth^ though such breadth may be infinitely dimin- 
ished (axioms 3d, 4th, and 5th), then the line between 
the water and the tumbler, having breadth, and being 
wholly outside of the water, is the circumference of the 
circle, and it is evident (axiom 8th) that no circle can 
exist in nature which has not a fixed boundary or line of 
circumference which separates it from all surrounding 
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things. These differences which grow out of the defini- 
tion of a line require to be carefully considered. 

Fourth. It is self-evident that contact is not union, and 
it is a mathematical error to consider them as one. 
Therefore if two magnitudes be separated by any given 
line or space between them, and if they are then brought 
together until they are in contact or seem to touch each 
other, the line or space between them is only divided or 
diminished — it is not annihilated. And because space is 
infinitely divisible (axiom 1st and prop, ii.), therefore it 
may be infinitely diminished, but it can never be annihi- 
lated unless the two sides shall become one, which is 
impossible. They may approach so closely as to exclude 
all other matter and cohesion may take place by affinity 
of the parts, but the lines of contact or cohesion are 
still in existence, terminating the boundaries of the two 
sides, and hence there is space between them, and if not, 
then space is Tiot infinitely divisible. Hence the water 
and the tumbler being wholly distinct and unmingled 
there is space or breadth of line between them, though 
such breadth is evidently diminished until it is less than 
one particle of water in its least possible natural di- 
vision. 

The foregoing demonstrations and the deductions from 
them, naturally lead to some few remarks respecting the 
properties of numbers, and of magnitudes, with the math- 
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ematical definitions of a line, and a point, and their ap- 
plication in geometry. 

I will not undertake to say, that because it is proved 
that all lines having a fixed and definite locality have 
breadth also, that under the circumstances, it is abso- 
lutely necessary in all cases to change the mathematical 
definition of a line or a point ; but I do say, that to 
regard these definitions, in their abstract, arbitrary, and 
limited signification as essential to truth, is wholly urir 
"tiecessa/ry. 

Nature will work in her own way in spite of our defi- 
nitions, and if in geometry we work according to nature's 
truth, the result will be correct, whether we define lines 
as having breadth or no breadth. 

The science of mathematics in the most universal sense 
in which the term can be applied, is, I think, the science 
of numbers, which have infinite capacity, both as to no- 
tation and enumeration* 

Algebra means nothing^ or it may mean either one 
thing or another, as suits the fancy of him who works in 
it, until its results are reduced to numbers ; and then 
there is no value in the universe, either simple, com- 
pound, or relative, whi.h some notation, enumeration, or 
relative fraction of numbers is not capable of expressing. 
A little examination into the character of numbers, will, 
I think, be sufficient to convince us of this truth. And 
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what are numbers ? Have we any definite ideas of their 
nature, capacities, origin, or end ? Are tliey a creation 
of God, existing by liis power independent of other 
things ? or are they simply the result of a previous ne- 
cessity which the order of creation only fulfills, and 

« 

which hence follow as a mere consequence of the percep- 
tions with which the Creator has endowed our minds ? 
I am compelled to think the latter, and hence whether 
in the material or immaterial world, to our perceptions, 
numbers and existences are identical and inseparable. 
Before creation began, then, numbers had no existence, 
except in the infinite eternal One. But when the first 
particle of original matter was brought into being it 
constituted the finite one^ and the second particle PioOj 
and finite and progressive numbers then had their be- 
ginning, and have ever since, with every succeeding pro- 
duction, been moving forward towards the infinite. 
But our notation of decimal numbers, is only one of the 
forms which nature employs for herself; and it is be- 
cause they are one of the forms which nature employs 
for herself, which gives them their power, accuracy and 
clearness ; hence decimal numbers will be found to have 
an important part in the order of created things. But 
nature also employs other forms or notations of numbers 
besides decimals, and whenever she does so, decimal 
numbers are not accurate, or rather they have not the 
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power to tell us the exact truth without the loss of some 
fraction or remainder. 

We know very well that all notations of numbers 
must have their beginning in one^ which is less, and their 
end in 071^, which is greater; thus when we say "one 
" thousand," we simply mean a thousand ones, or if we 
consider it in its unity, we mean one^ a thousand times 
greater than the original one. Hence it is plainly 
seen that when the first original particles of matter were 
collected together and moulded into shape, — ^when our 
earth assumed her opaque body, and when the fii-st star 
sprang into existence, it was nothing else but a following 
out of the progression of numbers from an original crea- 
tion of one less, to the accumulation of one greater. At 
least such is the only understanding which our percep- 
tions can give us of the order of production in ci'eated 
things : and it appears to me, that in material things, 
truth is nothing more than the perfect agreement be- 
tween nature and our perceptions, and error is their dis- 
agreement. Hence if we had been differently endowed, 
natural truth might have been to us quite another thing, 
and to our minds numbers might not have been what 
they now are. 

If then this agreement between the order of produc- 
tion in nature and our natural perceptions he trutli^ then 
it is self-evident, that there exists not in the wide 
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universe, a single particle of matter, or combination of 
particles into shapes or things, which numbers have not 
once told out with imerring exactness ; and what numbers 
have done once, they can do again. It is evident, there- 
fore, that in the material world, numbers and things, 
that is, shapes and magnitudes, are identical and insep- 
arable, and we cannot comprehend one without the 
other, therefore, numbers are the legitimate medium of 
determining mathematical truth, and no solution can be 
complete until it is reduced to numbers. It is an error, 
therefore, of mathematicians, to give to numbers the 
inferior place in mathematical science. 

The science of geometry, as a part of mathematics, 
is generally defined as the science of measure, or of 
quantity ; but I think this definition is too limited, and 
that it may, with greater justice, be termed the science 
of perfect mechanics, by which all forms and proportions 
are produced^ as well as measured, and their relative pro- 
perties and values determined. If, for example, we 
would make any shape or form out of brass or other 
material, in order that its proportions may be as nearly 
accurate as possible, we must first produce it geometri- 
cally, and then make one fix)m brass, as near like the 
geometrical form produced, as we can. The first is, 
then, in principle, a perfect foim, according to nature's 
working; but the second is only an imitation, and is 
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imperfect, by reason of our inability to measure or detect 
so small a quantity of matter as one original particle, 
winch is the only perfect standard of measure ; and if the 
form of brass shall differ from the true geometrical form 
but one particle, it is imperfect. The first is an operation of 
geometry, and is nature's work ; the second is a mechani- 
cal operation, and is the work of the artisan. The first is 
the development of the pure principles which govern the 
form ; the second is only the labor of the workman with 
his tools. If, therefore, we separate geometry from me- 
chanics, we leave the latter without a science, and 
degrade the mechanic arts to the character of a blind 
imitation, without rule or principle. The really scien- 
tific mechanic is one who constructs his w^ork according 
to geometrical principles, and the only difference between 
his work and his principles is, that his principles are per- 
feet, being according to nature's laws, but his work is 
imperfect, from lack of skill to make it moi'e perfect 
The power of mechanics is altogether constnictive, it is 
not creative ; she can fashion things, but she cannot make 
them, — we must first furnish her with materials, and she 
.will then mould them; and being furnished with the 
necessary parts of things, she can put them together. 
So, also, with geometry ; she can create nothing, — all her 
powers are constinictive, only ; she finds all her propor- 
tions in magnitudes and forms, and we have seen that 
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numbers and magnitudes, or forms, are inseparable. 
These, then (numbers and magnitudes), are the materi- 
als of geometry, and until she is furnished with these, 
she can do nothing. Let it be required of geometry to 
produce a hexagon, and she requu*es you to furnish her 
with six equilateral triangles, and placing them together, 
shows you a hexagon; and in producing this hexagon, 
geometry has done no more than mechanically to con- 
struct a form out of other forms, and built up a magnitude 
out of lesser magnitudes ; and this is the limit of her power, 
because she can create nothing. If you now require to 
know the value of this hexagon, in proportion to other 
shapes, decimal numbers will tell you that each side of 
the hexagon being one, its value in proportion to the equi- 
lateral triangle of an equal side is six^ and in proportion 
to the square, it is the square root of 6.75. If, in this 
last, you wish for any more definite expression than 
square root, decimal numbera will tell you to go and 
acquaint yourself with some other notation, besides deci- 
mals, which can give the needed fraction, or otherwise 
to sit down in ignorance. Now, let it be required of 
geometry to produce a form without the use of magni- 
tudes, and she tells you that she can do no such thing, 
that foi-m and magnitude are inseparable ideas, — ^that 
all shapes and forms have both extension and limit, and 
are, therefore, finite, — that she deals in finite magni- 
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tudes, and nothing else, — ^that abstract space is infimiU^ 
and if she ever considers space, she considers it only in 
finite portions, and in reference to some developed mag- 
nitude having the same boundaries ; hence, if geometry 
be required to measui'e any portion of space, she demands 
to be furnished with some magnitude as a standard of 
measure, or othei-wise she cannot do it. 

Let it be required of geometry to give a fixed and defi- 
nite locality to a line without breadth, or to a point in 
space, without magnitude, and she will tell you that 
locality, place, and position, are all of the same import, 
and all of them mean a portion of space^ — ^that there can 
be no division of space equal nothing (see page 95) ; 
and, therefore, there can be no locality, place or posi- 
tion, without magnitude ; and hence, your line without 
breadth, and position without magnitude, are fallacies, 
both in nature and mechanics, and, therefore, beyond her 
power. 

Ask geometry to measure a form by a line without 
breadth,, and, if you please, let the form be a hexagon of 
uncertain size. Geoiaetry at once answers you, that a 
line without breadth has no existence, and-if you furnish 
her with no other materials she cannot do it, — that masr- 
nitude is only magnitude by comparison with some 
standard of measure, and hence things can only be meas- 
ured by comparison with other things, and, therefore, it 
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18 out of her power to measure something, by comparing 
it with nothing. Even a standard of measure (an arti- 
ficial standard) is without meaning, only, as it refers to 
some other standard ; as, for example, a carpenter's foot- 
rule is without expression as to quantity, only as we 
mentally refer the rule to the foot. When we measure a 
thing, therefore, we do nothing but simply determine 
its quantity, in its relation to some other quantity 
already determined; how, then, can relative quantity be 
determined, by comparing any quantity with itself, or by 
comparing it with no quantity ? But furnish geometry 
with a positive magnitude, which shall be her standard 
of measure, and which she can apply to any part of the 
hexagon, and then knowing' what the form is, numbers 
will perform the rest and you may imagine your line 
to be just what you please — as having breadth, or no 
breadth, it is all the same to geometry. Having deter- 
mined the extension of the fonn in one direction, by a 
positive magnitude, or line with breadth, and knowing 
what the form is, geometry can now determine its exten- 
sion in all directions, from any point, and the result will 
be con'ect, and geometiy is satisfied ; but without the 
help of this positive magnitude, you could never have 
known anything of the value of the hexagon. 

And now if there be anything in the world to person- 
ate conmion sense, I would ask, hajs geometry measured 
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this hexagon by a line with breadth or by one without 
breadth? Certainly by one ivith hreadth^ will be the 
answer, and by no other means did geometry ever yet 
measure anything! It seems therefore that geometry 
can do nothing, with a line without breadth independently 
and alone, — you must first furnish her with a line with 
hreadth with which to measure the imaginary one withovi 
hreddthj before she can proceed one step in her work 
towards determining the quantity of any figure. In pro- 
position V. (this Appendix) I have shown that in divid- 
ing any material or developed magnitude, geometry does 
it by a line with hreddth^ and it has been shown, also, 
that such a line may exist, and yet be less than any 
portion of the material magnitude divided. Let us now 
see what sort of a line geometers do actually use in 
dividing a magnitude. Let the magnitude to be divided 
be a plate of gold one inch square, and to be divided 
equally. We know that gold is constituted of original 
particles, because it can be dissolved or dispersed and 
its particles collected together again and deposited in a 
new place, the particles cohering as before ; therefore let 
the plate to be divided be of the imaginary thickness of 
one original particle of gold. The principles of geom 
etry fix the line where it is to be divided with perfect 
accuracy, so that just as many particles shall lie on one 
side of the line as on the other. But the geometer not 
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being able to locate, to perceive, or to understand the 
exact place of his imaginary line without hreadth^ in 
order to aid this deficiency of his perceptions, he draws a 
line icitli hreadtJi across the face of the plate of gold at 
the points indicated by geometry ; and knowing that this 
line by its breadth covers a portion of the gold, he pro- 
ceeds mentally to diminish the line towards the center, 
until its breadth is less than any portion of the gold, or, 
in other words, until its breadth is equal to the lines of 
cohesion which unite the particles of gold. And the 
magnitude or plate of gold is thus mentally divided, 
without the loss of any portion of its quantity; and 
because the line of contact or cohesion of the particles of 
gold has two sides, leaving all the particles of one half 
on one side of it, and all the particles of the other half 
on the other side, it therefore has breadth, though such 
breadth is diminished, until it is less than one particle of 
gold, and less than any of our perceptions of quantity. 
The particles of gold do not, by their cohesion, unite, to 
become one and the same, — ^they simply approach each 
other within a distance, such as to exclude all grosser 
matter, while each particle of gold remains as before dis- 
tinct from the other. 

And now I think that no geometer who is capable of 
examining the nature and extent of his own perceptions, 
will tell me, that in dividing any magnitude geometii- 
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cally, he has ever made use of a line mentally or phys- 
ically, in any other way than just as I have described 
above ; and if so, then no geometer has ever yet (except 
in name) used a line without breadth in dividing any 
magnitude. As an evidence of the truth of this conclu- 
sion, we need only make the attempt, mentally, to fix the 
position of a point without magnitude, or the locality of 
a line without breadth; as we diminish toward the 
center, our very thought expires with the expiring mag- 
nitude, and we have neither recollection nor comprehen- 
sion of its exact place. 

I have, in another place, explained natural truth to be 
nothing more than the agreement between nature and 
our perceptions, and error as their disagreement. Now it 
appears to me that in the application of lines and magni- 
tudes to geometry, the explanation which I have given of 
their use, forms a perfect agreement between the operations 
of nature, and the perceptions with which nature has 
endowed us ; and if so, then it is tnie ; and the ideas of 
lines without breadth, and position without magnitude, 
are misnomers^ — mere illusions of the imagination, — alto- 
gether unnecessary, — wholly without use, and in oppo- 
sition to all natural truth and evidence. 

The mathematical definition of a line, — " that which 
" has length but not breadth," at first strikes the mind as 
an absiu'dity, because it implies quantity of one kind, and 
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yet it has no existence. But on examining it with the 
application made of it by geometers, it is found to mean 
mere distance from one point to another, and where 
nothing but mere distance is intended, it is wholly imma- 
terial to the result whether the line shall have breadth 
or not. We may consider it an inch wide, or a foot 
wide, or as broad as it is long, and no difference will 
follow in the result. The definition is therefore exceed- 
ingly imperfect, even if true. But it is not true in 
nature, and therefore not t/rue in geometry, because nature 
is the perfection of geometry. Lines in their practical 
application in nature, and consequently in geometry, have 
a more enlarged use and meaning than mere distance. 
They in reality constitute the divisions of all magnitudes, 
and the boundaries of all shapes, — offices which mere 
distance is incapable of performing. We have seen that 
shape or form (which is identical with magnitude) is 
essential to the first principles of geometry. We have 
seen also that no shape can have any positive existence 
without liTYiit^ and a boundary clearly defined, definitely 
located, and separating it from all surrounding things. 
And the proposition is self-evident that lines which per- 
form these offices mu%t have a positive existence^ and 
therefore must Tiave breadth^ — ^therefore the circumference 
of a circle mtbst have breadth. 

A definition does not necessarily form any part of 
9 
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mathematical truth. It is only a part of the method by 
which tioith is determined, and is not always essential 
even to this ; as we have already seen that in certain cir- 
cumstances, it is entirely immaterial to the result what 
the definition may be. The chief object of a definition 
is to enable the mind to comprehend a tx'uth when it is 
determined, rather than to constitute any part of the 
truth itself. A definition must be conformable to truth 
in the circumstances in which it is used. Hence the def- 
inition of a line without breadth, beijog conformable to 
truth in such circumstances, is a good definition in all 
those cases where distance only is intended, in which it is 
entirely immaterial what may be the breadth of a line 
or whether it has any at all. But in all those cases in 
which a line with breadth differs in value from one with- 
out breadth (which it always does in a continuous line 
of circumference), the mathematical definition is not con- 
formahU to the tinith of nature, and therefore leads to 
error. 

I do not say, therefore, that it is absolutely necessary, 
in all cdses^ to change the mathematical definition of a 
line, but I do say that it is wholly unnecessary to con- 
sider the definition as a mathematical truth, which is 
fixed and unalterable, and that it is absolutely necessary 
to consider the circumstances in which a line is used, and 
to modify or change the definition in all those cases in 
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wliich a line with breadtt differs in value frora one with- 
out breadth, as in the circumf erenee of a circle. In such 
eases, I would define a line as that which has length and 
the least possible breadth with: locality, and I would de- 
fine a point as that which has position and the least 
possible magnitude with locality. 

It will be seen, however, by all who examine the 
whole course of my reasoning attentively, that lines 
liaving breadth, is Tiot a condition oa which the Quad- 
rature of the Circle is based, but only a conclusion to 
which the developments as they proceed inevitably lead 
m The twelve propositions of chapter ii., which em- 
brace the whole demonstration of the Quadratui'e, rest 
entirely on the relative properties of shapes, and of 
straight lines to curved lines, and c^e wholly indeperulejit 
of the fact whether lines have, breadth or not. If, there- 
fore, any one should choose for any reason to reject the 
idea of lines having breadth and points having magnitude, 
it caimot in any wise affect the truth of these demonstra- 
tions or the main object of this publication. 

We have seen, ia the course of the foregoing reason- 
ing, that aAape or form is essential,, both to the princi- 
plea of geometry, and to the practice of geometry, and 
that form and magnitude are identical and inseparable 
ideas. We have seen, also, that nwnbers and thingi< 
(which, iu the material world, are the same as magni- 
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tudes) are also inseparabla We have seen, also, tLat 
geometry, being the science of quantity^ can only com- 
pare indefinite quantity with other quantities which are 
known, and definite. We have seen, also, that geome- 
try — being, as she is, the basis of pure mechanics — ^when 
she is required to produce a fornix she does it by using, 
or putting together, other forms^ just as we build a ship, 
or a house ; with this difference, only, that all her forms 
are perfect, but ours, fi'om lack of skill, are imperfect. 
And when geometry is required to produce a magnitude, 
she does it with the use of lesser magnitudes, which are 
her stand ai'ds of measure, and without the use of both 
form and magnitude, it is not in the power of geometry, 
either to produce anything, or to measure anything ; she 
positively refuses to proceed one step, either in the de- 
velopment, or measurement, of any form, untU she is fur- 
nished with a positive magnitude, as a standard of meas 
ure, which she can consider, and treat, as oTie y and no 
abstract solution of any geometrical problem has any 
meaning in it, until the result is compared with some 
known quantity of definite form, as a standard of mea- 
sure. We have seen, also, that the power of geometry is 
limited to finite things, or things having limit or boun- 
dary^ — ^^^ she considera space, only by comparing it 
with finite and definite magnitudes ; that injmite space^ 
or infinite magnitude^ is entirely beyond her reach or 
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comprehension ; and that all abstractions are necessarily 
infinities. 

These conclusions form a perfect agreement between 
the operations or developments of nature, such as we can 
understand, and the perceptions and powers of compre- 
hension, which nature has given t^, and they are, there' 
fore^ true. What then becomes of the idea of the exist- 
ence of geometiy as an abstract and metaphysical sci- 
ence? In my opinion, the notion of abstractions in ge 
ometry sinks at once to a level in value with the chimeras 
of a sick man's brain ; they are mere illusions, floating in 
the mind of the operator, without identifying themselves 
with the practical truths of which they are only the men- 
tal images, and^ I believe, were never thought of by ge- 
ometers, until the introduction of algebra, and its ab- 
stract mode of reasoning, which is without use or mean- 
ing, until it is brought down to the standard of some 
definite form and magnitude. I cannot, therefore, do 
otherwise than conclude, that geometry has to do w4th 
nothing hut the relatione of physical or material things^ 
and is, therefore, purely a physical science. 

And since all that is known in geometry includes but 
a very small portion of either the general principles, or 
individual truths, which govern the relations of things to 
one another, it is self-evident, that the science, as prac- 
ticed, is open to* improvement, and capable of progress, 
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just as much as the mechanic arts, the study of chemis- 
try, or anything else; and notwithstanding its many 
conveniences, I regard the use of algebra in geometrical 
demonstration, as deserving no higher charact^ than 
that of an ingenious invention to supply the lack of a 
knowledge of numbers ; and I regard the consideration 
of geometry as an ahatruot and metwphysiccH science, as 
a sort of ignis fatuus light, which, by blinding the eyes 
of the beholder, renders more obscure everything else 
around him, and which, from its first introduction, until 
now, has been the chief bar to a rapid progress in the 
science, which may be realized the moment this idea of 
abstractions is dismissed from our reason. 



The opposite ^plicate raiio of the equilateral triangle 
and ^£ drde. 

Duplicate ratio is a universal property of area, hence, 
the square being the standard of value, therefore, the 
square of diameter is duplicate ratio, and all superficial 
magnitudes, of any shape, are to each other of the same 
shape, in ratio of area, as the squares of their diameters, 
or in duplicate ratio. Explained in its simplest and most 
practical form, duplicate ratio of area means only, that 
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the increase of area in any shape is in duplicate ratio to 
the increase of circumference and diameter ; that is to 
say, that area quadi-uples as often as circumference and 
diameter double; hence, because the equilateral trian- 
gle and the circle are, in their relations to the square, in 
the opposite duplicate ratio to one another (propositions 
vm. and ix., chapter iL) ; therefore — 



PEOPOSinON VL 



The circle insc^'ihed and circumscribed about a/a equi- 
lateral triam^le^ is in duplicate ratio to the circle inscribed 
and circumscribed about a square. 



PLATE xxxnL 





Let the areas of the inscribed circles A and B equal 
one another; then the diameters of A and B are also 
equal. Now, let the side of the square circumscribing A 
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equal one, then the diameter of A = 1, and because the 
diameter of the circumscribed circle equals the diagonal 
of the square, therefore, the diameter of the circum- 
scribed circle = -/ 2, and because the areas of all shapes 
are to others of the same shape, in duplicate ratio, or as 
the squares of their diameters, therefore, the area of the 
circle circumscribed about the square, twice equals the 
area of the circle inscribed in the same square. Now, the 
diameters of A and B are equal to one another ; hence, 
the diameter of B == 1. It is proved by geometry, that 
the perpendicular of the triangle circumscribing B equals 
the diameter of B, plus the radius of B ; therefore, the 
radius of the circle circumscribing the triangle, twice 
equals the radius of B, and 2 x 2 = 4 ; therefore, the 
area of the circle circumscribed about the triangle, four 
times equals the area of the circle inscribed in the same 
triangle. Tlie proposition is therefore demonstrated 

It is evident from the foregoing proposition and its 
demonstration, that the equilateral triangle and the cir- 
cle are, in their relations to the square, in some form or 
other, in duplicate ratio to one another. In what fonn 
this duplicate ratio exists, remains to be proved, if not 
already suflSciently proved in prop. vin. and ix., chap. ii. 
In proceeding to prove this, I will fii'st state certain 
truths, which are self-evident, or have been definitely 
proved already. 
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First. Cii'cumference and radius (and not the square 
of diameter) are the only natural and legitimate ele- 
ments of area by which all regular shapes may be meas- 
ered alike and made equal to one another. (Prop, vii., 
chap, ii.) 

Second. The equilateral triangle and the circle are 
exactly opposite to one another in the elements of their 
construction, which are circumference and radius. (Prop, 
vin. and ix., chap, ii.) 

Third. The equilateral triangle is the primary of all 
shapes in nature formed of straight lines and of equal 
sides and angles (prop, vin., chap, ii.), and has the least 
number of sides of any shape in nature formed of 
straight lines, and the circle is the ultimatum of nature 
in the extension of the number of sides. Therefore, 

PROPOSITION vn. 

In 9^ the elements of their construction which serve to 
increase or diminish a/t^ea^ the equilateral triamjle and the 
circle are exactly opposite to one another in respect to th£ 
greatest and the least of any shapes in nature^ and hence 
they are opposite to one another in ratio of the sqyuires of 
tlieir diameters^ or in duplicate ratio. 

Now it is one of the plainest principles of geometry 
and arithmetic, that if G be greatest and L be least, then 
G X L and L x G are equal, because they are reciprocals. 
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Hence it would appear, on general principles, that the 
circle and the equilateral triangle should be equal, be- 
cause one has the greatest possible radius and the least 
possible circumference of any regular shape in nature^ 
and the other has the least possible radius and the great- 
est possible circumference of any regular shape, and half 
the circumference multiplied by radius are the only le- 
gitimate elements of area in each, by which they may 
be measm*ed alike. But although this is a general prin- 
ciple in regard to reciprocals in nu7nbef% yet it is only 
true in geometry when G and L are of corresponding or 
equal proportionate values. But in the relations of cir- 
cumference and radius in respect to their relative values 
in area, radius is greatest, and circumference is least (ra- 
dius=l, circumference =4), and because in the reversal 
of the order of greatest and least in the circle in its rela- 
tion to the triangle, the greatest in relative value (ra- 
dius) is also made greatest in relative magnitude, there- 
fore the circle and the triangle are not equal as recipro- 
cals of corresponding value are equal, but opposites in 
ratio, and the circle is to the triangle in its relation to 
the square as G x G, and the triangle is to the circle in 
its relation to the square as L-^L, because GxG and 
L-^L are in opposite ratio to G x L or L x G, and hence the 
square, or square of diameter, being made the artificial 
basis of area, they are opposite to one another in ratio 
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of tie squares of their diameters, or in the proportion 
of square and square root. 

The term opposite signifies an intermediate, or a point, 
relative to which, the things spoken of are opposite to 
one another, and in this case the thing necessary to be 
known is, the point in numbers relative to which the cir- 
cle and the triangle are opposite to one another in the 
proportion of the square and square root. Therefore let 
A be an equilateral triangle, B a circle, and C a squai*e, 
each equal one in area. 

PLATE XXXIV. 




Now because A is a shape formed of straight lines and 
angles, therefore the value oi ah may be known, but be- 
t^use B is formed of curved lines, therefore (by hypothe- 
sis) none of the parts of B are known, hence the point in 
numbers relatively to which the two shapes are opposite 
to one another must be determined fi'om A alone. It has 
been demonstrated (prop, ix., chap, ii.) that if C and B 
are equal in area, then the diameter of C (<? d) in its frac- 
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tional relation to B is in the opposite duplicate ratio to 
a J, and the area of C {c t?) in its fractional relation to 
B, is in like opposite duplicate ratio to a b^. 

Now when the area of A=l, then a 5 is found to 
equal 1.316074+ and a b expressed in decimal figures is 
seen to be an infinite fraction, therefore, a & is an imper- 
fect number, and all our ideas of fractions or magnitudes 
in order to be definite must be formed from whole and 
perfect numbers or units ; for we cannot conceive of a 
fraction unless it shall have reference to some unit: 
therefore square a J, and a J* is seen to equal 1.7320508 + 
which is still an imperfect number, then square it again, 
and aVy^a i'=3, which is a whole and perfect number; 
therefore 3 is the first point in numbers from which the 
opposite ratio to a J may be deduced in whole and per- 
fect numbers. Now because a 5= V3, therefore c 4 
being in the opposite duplicate ratio,=3'x3' viz., 3x3= 
9x9=81, and 81 is seen to be the smallest number which 
can be found which is in the opposite duplicate ratio to 
a by when a b is brought to a whole and perfect num- 
ber; hence 81x81 = 6561, is the smallest whole and per- 
fect number by which the fractional area of the circle 
and the square are equal to one another when the whole 
area equals one. (Prop. x. and xi., chap, ii.) The num- 
ber 3 is therefore the point in numbers relatively to 
which the circle and the triangle, in their fractional rela- 
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Hons to the square, are opposite to one another in dupli- 
cate ratio, or in the proportion of the square and square 
root. 

The opposite ratio is simply a necessity resulting from 
a universal law of nature. The planets could not move 
forward in their courses without the action of opposite 
forces (centrifugal, centripetal). The north pole could 
not exist without an opposite or south pole. A shape or 
figure of one side cannot exist without another and oppo- 
site side, and no point can be fixed within the boundaries 
of nature which is not capable of opposite extension to 
the utmost limits of nature. In fine, no intermediate can 
possibly exist without its opposites. Hence the square 
being an intermediate shape and being made the standard 
of value, its opposites are the two extremes of nature in 
the production of shapes. And if we examine the whole 
subject in accordance with this universal law, it will be 
seen that in the production of shapes, the opposite dupli- 
cate ratio is a pre-existing necessity. It is self-evident that 
shapes, which are thus opposite to one another in ratio, 
must, in their relative construction to the square, form the 
two extremes of nature in respect to all their elements 
which serve to create, increase, or diminish area, and 
hence, that not more than two shapes can eadst at the 
same time which are thus opposite one another. The 
whole course of development in this work shows conclu- 
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sively that the equilateral triangle and the circle are the 
07ily two sTiOfpeB in existerK^e possessing the qualities neces- 
sary to render them opposite to one another in duplicate 
ratio, or as the squares of their diameters. The truth of 
their relation to one another in their relative value to- the 
square by opposite duplicate ratio is therefore self- 
evident. The square being made one^ it is an inter- 
mediate shape relatively to which the two extremes in 
nature are necessarily opposite to one another. Any 
other conclusion would, I believe, in the nature of things 
be an absurdity. 

. PLATE XXXV. 




The reciprocals of numbers by which the parts of the 
circle and the triangle may be made numerically to equal 
one, are to be found by reversing the order of the parts 
of each ; therefore, if we multiply the greatest in relative 
value, by the greatest in relative magnitude, and the 
least in relative value, by the least in relative magni- 
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tude, then the two products, multiplied together, equal 
one. 

Therefore, if the areas of A and B each equal one, 
then, if the radius of B, multiplied by half the circum- 
ference of A, shall equal C, and the radius of A, multi- 
plied by half the circumference B^ shall equal D, then C 
X D = 1. Also, if the radius of A be divided by 
half the circumference of B, and the radius of B be 
divided by half the circumference of A, the two products 
will be equal to one another ; but if the area of A = 1, 
and the diameter of B equal 1, then C x D equals the 
area of B. 

This reciprocity of parts, and hence of numbei^s also, 
exists between the circle and all regular shapes whatso- 
ever, which are formed of straight lines, when the area of 
each equals one. But all other shapes, except the tri- 
angle^ lack the condition of being opposite to the circle, in 
the elements of their const/ruction^ in the particulars of 
the greatest and the least which are possible in nature ; 
hence, no other shape, except the circle and the equilate- 
ral triangle, can he in the opposite duplicate ratio to one 
another, but all other regular shapes, fonned of straight 
lines, and of any greater number of sides than the square, 
a/pproach to the opposite ratio, " ad infinitum^^^ in pro- 
portion to the extension of the number of sides. 

It has been suggested by some friends, that I should 
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add some examples of my method of deducing arithmeti- 
cal truths from the problem of the circle, but this would 
extend a work already larger than I intended, and until 
my principles of reasoning, and the truth of my ratio 
of circumference and diameter shall be acknowledged, 
would be productive of no other benefit than the gratifi- 
cation of curiosity. 



CHAPTER III 

PRACnOAL QUESTIONS ON PBOGBESSIVE ASTBONOMY. 

• To ask or search I blame thee not, for Heay*!! 
Is as the book of God before thee set, 
'Whereiii to read his wondrous works, and learn 
His seasons, honrs, or days, or months, or jears : 
This to attain, whether Heaven move, or earth. 
Imports not, if thon reckon right ; the rest 
From man or angel the great Architect 
Did wisely to conceal, and not diTnlge 
His secrets to be scann'd by them who onght 
Rather admire ; or if they list to try 
Conjecture, He his fabric of the Heavens 
Hath left to their disputes, perhaps to move 
His laughter at their quaint opinions wide 
Hereafter, when they come to model Heav*n 
And calculate the stars, how they will wield 
The mighty frame ; how build, unbuild, contrive 
To save appearances ; bow gird the sphere 
With centric and eccentric scribbled o'er, 
Cycle and epioyde, orb in orb. 

It will be understood, from what Las been said in the 
preceding chapters and note, that I claim for the ratio of 
circumference and diameter which I have established, 
that it is the prima/ry ratio — that which is one in nature^ 
and on which all other t/me rcUios depend. I therefore 
denominate it, the primary cir(yiimferenc€j and a circle 
having its component parts, as B,priraa/ry circle. 

All circles are of themselves and in their own nature,. 

primary circles, because all circles, without regard to 

magnitude, have the same relative and constituent parts, 
10 
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— ^thiat is to say, a small circle contains within itself the 
value of just as many angular spaces, and has the 
same ratio of circumference to diameter, which a larger 
circle has, the only difference being in the magnitude of 
those parts. But when we set aside any limited and 
definite quantity, calling it one^ and set that up as a stan- 
dard of measure by which to determine other quantities, 
then all other circles, either greater or less than such 
standard, cease to be primary in their relations to that 
standard. 

In introducing practical questions here, let it be un- 
derstood, that it is not my object to write an elementaiy 
book of instruction, but only to test the applicability of 
tke pi^i7na/i*y ratio of circumference and diameter to prac- 
tical purposes, and at the same time to test the truth of 
that ratio by applying it to other primary tilths in 
nature, the sole object and value of the discovery being 
its applicability to practical purposes. 

In adapting the ratio of circumference and diameter of 
a circle to mechanism of any sort, it is evident from the 
almost inappreciable difference between my ratio and 
that of geometers, being scarcely equal to one hair's- 
breadth in any arch ever constructed by men, that the 
4)nly application of it which can be made to any natural 
<truth as a test of its accuracy is, to the great astronom- 
ical circles, in whose vast magnitude alone, the value of 
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the dijBPerence becomes important or even perceptible. I 
therefore proceed to make the mechanical application of 
my ratio of circumference to these great circles, upon the 
principles of mechanical motion, and in a manner which 
I think is peculiarly my own, but which I believe to be 
undeniably correct and a demonstration in itself. But 
in order to be understood, and to fix the attention of the 
examiner on the points necessary to be considered, I 
must first state a few preliminaries as follows. 

Firsts Time (or perhaps I should be better under- 
stood by saying the standard by which time is measured) 
is nothing else but the relations existing between light 
and motion. Therefore time is altogether relative^ and 
the motion of the revolving bodies by which time is 
measured, being measured by time, is also relative. 

Secondly J Time and space are, for all puiposes of cal- 
culation with respect to motion, one and the samie thing, 
because the measure of time is the circumference of a 
circle, and its length or duration is the revolution of a 
circle. Therefore the circumference or area of one circle 
may be reduced to time, and the length of a day or a 
year may be considered and treated as circumference or 
area. 

The area of one primary circle (5153) being reduced 
to time (corresponding with the revolution of one solar 
day) until it is without remainder, is 23h. 51' 23" 20'". 
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One sidereal day, or the revolution of the earth on 
her axis from opposite a fixed star to opposite that fixed 
star again, ia 23h. 56' 4" 6'". 

The length of one solar day is exactly 24 hours, and 
for convenience I will call these a circular day^ a »ide- 
real day^ and a %olar day^ the solar day being greatest, 
and the circular day least of all the three. 

Reduced to their lowest denominations, these three 
days stand as follows : 

The length of 1 "Circular day" is 5153000'". 

The length of 1 Sidereal day is 5169846'". 

The length of 1 Solar day is 5184000'". 

The difference between 1 Circular and 1 Solar day is 
8' 36" 40'". 

The difference between 1 Circular and 1 Sidereal day 
is 4' 40" 46'". 

The difference between 1 Sidereal and 1 Solar day is 
3' 55" 54"'. 

The €XC€88 of difference between 1 Circular and 1 Side- 
real, and 1 Solar and 1 Sidereal day, is 0' 44" 52'''. 

Let it now be understood, that in computing the mo 
tion of a circle by time, we are to bring it at last to 
solar time. 

Thirdly. All natural periods of time are, I think (in 
accordance with the above table), greater than one 
primary circle, because all the heavenly bodies by whose 
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motions time is measured, or whose motions are mea- 
sured by time, are themselves also in motion. For 
example, the earth is riiore than 24 houra in revolving on 
her axis from the moon to the moon again, so as to bring 
the same meridian exactly opposite. But the earth re- 
volves on her axis from the sun to the sun agaiti in 24 
hours exactly, and a lunar day is greater than a solar 
day, therefore the moon is in motion, and the earth per- 
forms on her axis more than a complete revolution in 
space in turning from opposite the moon's center to 
opposite that center again. But th^e earth revolves on 
her axis from opposite a fixed star to opposite that fixed 
star again in 23h. 66' 4" 6"', and a solar day is greater 
than a sidereal day, therefore either the earth or the sun 
is in motion in an orbit, and in either case the earth per- 
forms in space more than a complete revolution on her 
axis in turning from opposite the sWs center to opposite 
that center again. But the difference between a circular 
and a sidereal day is greater than the difference between 
a sidereal and a solar day, therefore both the ea/rth and 
the Bun are in motion in an orbit.* 

The above are mechanical truths, easily proved, and 
if they be true, as I affirm, then the I'elative motion of 

^ n&e evidence of tbifl fact does not depend on the truth of my ratio 
of drcumference, and if the geometer^s ratio were true, the difference 
would be greater stiU. 



150 PRACTICAL QUESTIONS ON PKOORESSIVE ASTRONOMY. 

the sun and of the fixed stars, so-called, may at length 
be found and demonstrated by the ratio of one primary 
circumference I ! 

Before proceeding to apply the ratio of circumference 
to the astronomical circles, it is necessary, first, to solve 
the problem of three gravitating bodies. I therefore 
submit the following proposition. 

PROPOSITION L 

TIis respective and relative motion of three gravitating 
bodies revolving together and about each other^ is as four 
to threCj or one am^d one-third of one primary circum- 
ference. 

I have always considered this proposition as self-evi- 
dent on the face of it, and that no mathematician would 
deny it and hazard his reputation on sustaining the de- 
nial with proof. But as I shall perhaps be called on for 
proof, I add here, at some length, the solution of the 
problem, after my own method, as follows : 

The problem of three gravitating bodies revolving 
together and about each other, is one which, like the 
Quadrature, has hitherto baffled all attempts of math- 
ematicians to solve. But since this, like others of the 
kind, is of itself a problem, which is daily performed and 
consequently solved by the mechanical operations of na- 
ture, the failure of mathematicians to reach the solution 
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proves nothing but the imperfection of the reasoning 
applied to it 

It is a principle I think clearly demonstrable, that 
whatever can be constructed by mechanics out of given 
magnitudes, can be exactly determined by numbers, and 
that which cannot be constracted by mechanics out of 
any given magnitudes, cannot be exactly determined by 
numbers, having the same relation as the magnitudes one 
to another. It is for this reason, and for this reason 
only, that we cannot out of the sa/me mdgnitudts con- 
, struct a square which is just twice as big as any other 
perfect square, neither can we find the perfect root of 
such a square by decimal numbers. If this reasoning be 
true, then, because the problem of three gravitating 
bodies is a mechanical operation daily performed in 
nature, it is hence a thing capable of being proved by 
numbers. The great difficulty of this problem has 
arisen, I think, from the impossibility of its full display 
by diagram, and the difficulty of embracing in any formu- 
la, all the conditions contained in its elements. The plan 
of exacting a display by diagram of all geometrical prop- 
ositions is safe^ and perhaps it is the only plan by which 
the yet untaught mind can be initiated into the truths of 
geometry, but is it always necessary in every original 
demonstration ? Are there not other means equally true 
and equally safe in the hands of one accustomed to ex- 
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aminatioQ, and acquainted with the propeiides of numbers 
and of shapes? I think there are, and without taking 
the least unwarrantable latitude, or departing from the 
dearest percepti<«8 of reason, I think this problem may 
be easily and accurately solved. 

The thing required of every demonstration is, that it 
shall give a sufficiefiU reason for the truth which it asserts. 
But in order that a reason may be miffi/iient^ and the con- 
clusion drawn from it %afe^ it is necessary, not only that 
the relations of cause and effect shall be made clear to 
our perceptions, but also that the conclusion, when drawn^* 
shall abide the test of practical application. Any demon- 
stration which does less than this cannot be relied on, and 
no demonstration ever made has ever done more than this. 

We know very well that things are possible or impos- 
sible to be done, only in proportion as the means applied 
are adequate or inadequate to the purpose. We know 
also, that because different principles exist in the various 
forms of matter, therefore it is impossible to demonstrate 
eveiy thing by the Bomi/e rrieana or same principles. It is 
a narrow-minded prejudice, therefore, which exacts that 
eveiy demonstration shall be made by the prescribed 
rules of science, as if science already embraced every 
principle which exists in nature. Yet none are more 
frequently guilty of this narrow-mindedness than mathe- 
maticians, who often require that things shall be done by 
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the means which the written science affords, well know- 
ing at the same time that such means are inadequate. 
Such has always been the case in respect to the quadra- 
ture of the circle. Mathematicians have demanded that 
it should be demonstrated by the properties of straight 
lines, knowing, at the same time, that straight lines ai'e 
inadeq^iats ; therefore (and therefore onhj)^ the thing has 
been found impossible, and all other demonstrations are 
rejected, because they cannot be shown by straight lines. 
I do not consent to such unreasonableness of decision, but 
in every proposition where the sufficient reason is mani- 
fest, I hold the proposition to be demonstrated until it 
can be disproved. • 

In entering upon the solution of the problem of three 
gravitating bodies, we must first examine and see of what 
elements the problem is composed. 

The elements which I shall consider, in this case, will 
not be such as a mathematician of the schools would 
think it necessary to consider. They will be far more 
simple, more conclusive (for such as the schools can 
furnish, have yet decided nothing), and, I think, more 
comprehensible, yet equally true to nature (for I consult 
nature's laws only, and not the method or opinions of 
any other man), and equally accurate and precise with 
any which can be given by any other method. 

hsAjwst^ each revolving body is impressed by nature 
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with certain laws making it susceptible of the operation 
of force, which, being applied, impells motion. These 
laws may all be expressed under the general term forceSj 
which, though various in their nature, possess an equal- 
izing power, controlling each other in such a way, that 
neither can predominate beyond a certain limit; and, 
consequently, these bodies can never approach nearer to 
each other than a certain point, nor recede from each other 
beyond another certain point. Hence these forces are, 
at some mean pointy made perfectly equals and therefore 
they may be considered as but one force and hence but 
one elemervt in the problem. 

Secondly^ these revolving bodies have magnitude, 
shape, density, &c., which affect the operation of force in 
producing motion. These properties of revolving bodies 
have all the same inherent power of equalization as 
forces. For example, if density be greater in one than 
another, then magnitude will be relatively less, force will 
be less (the direct force), and the momentum from velo- 
city greater, but the whole shall be equal. On the other 
hand, if magnitude be greater, and density less, then 
force will be greater, and velocity less, but the whole 
shall be equaL The second element of this problem may 
therefore be comprehended under the term magnitude^ 

■ 

which shall include shape, density, and every other 
quality or condition which affects the operation of force 
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in producing motion, and the whole constitute but one 
element in the problem, which I term magnitude^ as refer- 
ring to the bodies themselves rather than to any of their 
qualities, as density, gravity, or otherwise. 

The third element in this problem is distance^ by which 
I would be understood to mean the chosen distances from 
one anothor, at which these bodies perform their revolu- 
tions in space. It is well understood, that from the 
nature of the case, these revolving bodies must take up 
their mean distances from one another in exact proportion 
to their respective magnitudes and forces, and in propor- 
tion as these are greater or less, the distance from each 
other will be greater or less. Hence it is seen that the 
same inherent power of equalization exists in respect to 
distances as in respect to the forces and magnitudes, 
and whether their distances from each other be greater 
or less, equal or unequal, they still constitute but one 
element in the problenL 

lihe fov/rth and last element in this problem is motion^ or 
velocity^ by which distances are to be performed or over- 
come by revolution. And here again it will be seen, that 
because the distances to be thus performed by revolution 
depend entirely on the chosen distances from one another, 
and these again depend on magnitude and force, therefore 
the same equalizing power exists in regard to motion or 
velocity, as exists in regard to all the other elements, and 



156 PRACTICAL QUESTIONS ON PROGRESSIVE ASTRONOMY. 

therefore this also constitutes but one element in the pro- 
blem, which I will term velocity, as including momentum, 
and every other quality, condition, or effect of motion. 

These, four in numh&r^ are all the elements necessary 
for the Tnechanical performance of the problem, and con- 
sequently all that are necessary for its determinatioifi by 
numhei% and it has been seen, that such is the nature of 
the problem itself, and the power of these elements over 
one another, that every other quality or condition affect- 
ing either, is equalized by, and held in subservience to 
these, and these again are equalized by, and held in sub- 
servience to one anotlier^ and all controlled by magnitude, 
so that the whole constitute but one prohUni or mechanir 
cal operation in which four elemervts are concerned. 

The difficulty of reducing impalpable things to a pal- 
pable standard of measiu^ is generally conceded, but in 
this case, I think the difficulty does not exist, and that 
these elements may all be as truly represented by num- 
bers and magnitudes, as if they were palpable things in 
themselves, having the qualities of length, breadth, and 
thickness. For example, let a stone be a magnitude hav- 
ing shape, bulk, density, &c. Now, a foi*ce which can 
raise this stone one foot from the ground, and hold it sus- 
pended there, is, in its relation to the magnitude or stone, 
exactly equal to one foot of measure, and because the 
stone is held suspended, and does not descend again, nor 
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rise higher, it is evident that the force and magnitude 
have become equal ai that point of elevaiiouy and there- 
fore, vice versdj the magnitude or stone is, in its relation 
to the force, exactly equal to one foot of measure, and 
consqquently distance and motion are each also seen to be 
equal to one foot ; and the same principles of applicabili- 
ty to measure exist in three bodies suspended in space, 
and made to revolve about each other, by forces inherent 
in themselves. It matters not that other and disturbing 
forces exist outside or inside the space in which these 
bodies revolve, because, if another and disturbing force 
be considered, then it ceases to be a problem of three 
gravitating bodies; and also, because such disturbing 
forces, if they exist, operate proportionally on all three of 
the revolving bodies, and in the course of a revolution, 
and consequent change of relative position^ these disturb- 
ances must jmdi their 
perfect equality. 

Now, let us suppose 
that we have here, three 
bodies revolving togeth- 
er in space by their own 
gravitating power, and 
let the magnitudes of 
these bodies be exactly 
equal to one another, — ^then their forces shall be equal. 



PLATE XXII. 



A 
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their distances equal, and their velocities equal, and it 
will be seen that they cannot revolve ahout edch oilier^ but 
must follow each other round a common center, and their 
relative motion in respect to any point in space (as the 
point or star A), must be on the value of the circumfer- 
ence of the circle B, which passes through the center of 
each body, as in Plate XXII. 

Now, let us suppose that each of the elements con- 
tained in the problem of three gravitating bodies, is an 
equal portion of the a/rea of the circle which these bodies 
describe in a revolution ; then the circle will be divided 
from the center into four equal parts, as at the points a, 
5, c, dy and let each part equal one. It will be seen, that 
in each relative change of position, each revolving body 
passes over an area equal to one and one-thvrd. In other 
words, their relative motion is as fov/r to three. So also, 
if each element shall be an equal portion of the circum- 
ference of the circle B, or an equal portion of the square 
of the diameter of B, the same result is manifest, and the 
relative motion of each revolving body is, 2L%fov/r to three 
ai such magnitude as is made the standard of measure. 
Again: 

Secondly. Let the area of the circle inscribed in the 
equilateral triangle, whose sides make the distance be- 
tween these revolving bodies, be one^ as in the marginal 
Plate XXIIL It is seen that the circle B, whose circum- 
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PLATE XXm. 




ference these bodies describe by their revolution, is four 
times greater than such inscribed circle. (See illustra- 
tion, Plate XXXI., Appendix.) Hence, again, their rela- 
tive change of position is seen to be z&fov/r to three^ or 
one and one-third of the 
primary magnitude which 
is made the standard of 
measure, and [proposition 
L, chapter ii.], it is seen, 
that the circle inscribed in 
the triangle as above, forms 
the basis of the area of that 

triangle, when it shall be 

measured by circumference and radius, which are the only 

legitimate elements of area in all shapes alike. 

Again : Thdrdly. It is seen that the equilateral triangle 

(Plate XXIV.), whose 

sides make the distance 

between these revolving 

bodies, is an angular shape, 

and being measured in the 

usual way of measuring 

angular shapes, its area 

equals the perpendicular, 

P, dj by half the side. 

Now, let the perpendicular, P, d^ equal one. Then it is 



PLATE XXIV. 
e 
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PLATE XXV. 

e 



seen that the diameter of the circle B, which these bodies 
describe in a revolution, is one-third greater than the 
perpendicular. Hence, in performing a complete revolu- 
tion, these bodies describe a circumference equal to one 
and one-third the circumference of one dicmieter. In 
other words, their relative motion is ag^in seen to be as 
four to three of oneprima/ry circumference* 

fourthly. These bodies, which are revolving together, 
are known (by hypothesis) to be equal to one another in 
magnitude, and consequently, equal to one another in all 
the elements concerned in their revolution. 

Now, let us suppose that 
their distance from each 
other equals one. That dis- 
tance is seen to be the side 
^g of an equilateral triangle 
inscribed in the circle B, 
whose circxmiference they 
I describe in one complete 
revolution. (Plate XXV.) 
Now, the side of an equilateral triangle inscribed in a 
circle equals the perpendicular from the base of an equi- 
lateral triangle, whoee side equals the diameter of the 
aforesaid circle ; and therefore, because the sgua/re of the 
side, of cmy equilateral triangle, equals one-third added 
to the squa/re of its perpendicular, and because the square 
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of the side of the equilateral triangle inscribed in B 
equals one^ therefore the square of the diameter of B 
equals one and (me-tfii/rd. Hence the area of B equals 
one and one-third the area of a circle whose diameter is 
one. Hence, in describing the circumference of B, the 
relative motion of these three revolving bodies shall be 
B&four to ihree^ or OTie and one4hird the a/rea of a circle 
whose diameter is on£. 



PLATE XXVL 

e 




By prop, xn., chap, ii., 
it is shown that the true 
and primary ratio of cir- 
cumference to diameter of 
all circles, which can be 
expressed in whole num- 
bers, is four times the a/rea 
oi one circle inscribed in 
one square for the ratio of 
circumference, to the area of the circumscribed square^ 
for a ratio of diameter. Therefore it is evident, that if 
the circumference of B shall be resolved into such pri- 
mary parts, as shall express the circumference of one di- 
ameter in whole numbers, and in its exact relation to area 
and diameter, without a remainder in either, then the 
circumference of B, shall equal one and one-third of one 
primary circumference, such as may be expressed in whole 

numbers ; because the area of the square circumscribing 

11 
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B, equals OTie and one-third^ when the side of the equila- 
teral triangle inscribed in B equals 07ie. 

Fiftk and lastly. These revolving Dodies inust be 
supposed to revolve upon a value, in which diameter and 
area form exact and equal portions, and the only circle 
in nature whose diameter and area are equal to one 
another, and identical in numbers^ is a circle whose cir- 
cumference is four / hence the relative motion of three 
bodies of equal magnitude, revolving together, cannot be 
otherwise than one and one-third of mohpa/rts. 

It is evident from all the foregoing demonstrations, 
that, if we suppose the elements of which this problem 
is composed, to be magnititdes^ and take them as a stand- 
ard of measure, whether such magnitudes shall be equal 
portions of the area of a circle, or of its circumference^ 
or of the sqicare of its diameter^ or whether we take as 
our standard of measure, the distance between these re- 
volving bodies, which makes the side of a triangle, or the 
pei'peTidicular of such triangle, or its inscribed circle^ in 
all cases, and in every case, the relative motion of these 
three revolving bodies Tmist be as four to three^ or one 
and one-tlivrd of such magnitude as is made the standard 
of measure^ and there is no other standard of measure 
which can be mathematically assumed in the premises, 
which I have not here considered. 

The j^oposition is therefore demonstrated^ that three 
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gravitating bodies of equal magnitude^ revolving together, 
their relative motion shall be ssfour to three^ or one and 
on€'tMrd of mve primary circumference I ! 

It will be obvious to any one, that in the foregoing de- 
monstrations, I have assumed, that the magnitudes of the 
revolving bodies are all eqiuil to one another^ and hence 
their forces, distances, and velocities, are all equal to one 
another ; consequently, they all revolve on the same cir- 
cumference, as shown in the several plates, from XXII. to 
XXVI. ; therefore, they cannot revolve about each other, 
but rawst follow each other round a common center. But 
in the problem of the revolution of the moon about the 
earth, and the earth and the moon together about the 
sun, the magnitudes are all unequal, and hence their dis- 
tances from each other, their forces and velocities, are all 
unequal, and they are known not to folloxo ea^h otJier^ as 
in the foregoing demonstration, but to revolve about each 
other in the order above stated. 

It may, perhaps, therefore be inferred that the forego- 
ing demonstration is not applicable to sv^h gravitating 
bodies. But it must be observed, also, that the equaliz- 
ing POWER of all the elements of the problem, are in 
fall force and operation here, as well as in the problem 
just solved, and that the chosen distances, forces and 
velocities, are in exact proportion to the relative magni- 
tudes of the bodies revolving; and hence their relative 
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motion shall be still ike same^ with this- difference only, 
that because the moon revolves about the earth, and the 
earth and the moon together revolve about the sun, there- 
fore their relative motions being expressed by time 
(which is also relative), the following proportions en- 
sue: 

FiTHt proportion. As one prima/ry circumference of 
a circle is to the moon^s time about the earthy so is the 
moorCs time about the earth to the eartKs time about the 
sun! (See the practical application in propositions n. 
and nx, which follow in this chapter.) It must be borne 
in mind, however, that in the above proportion, reference 
is had to the revolution of the earth and the moon over 
the value of a complete circle^ and not to the full sidereal 
lunation or mean year, each of which are greater than 
one circle. (See introduction to this chapter.) Also, the 
time here meant is circular* time, or one revolution of the 
earth in space. (See table of time in the introduction to 
this chapter.) It must also be borne in mind, that in the 
above proportion, reference is had only to the relations 
of decimal numbers^ and no reference is made to any 
geometrical standard of measure in the revolutions of 
either body. But because magnitude is the controlling 
element in the problem, with the power of equalizing all 
the rest, therefore, the first proportion as above given 
being tnie, a second proportion follows^ which is strictly 
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geometrical in its character, and which makes the whole 
definite. It is as follows : Tlie square of the diameter of 
tJie moon is to the square of the diameter of the earthy as 
the moorUs time round the earth is to the eartVs time 
round the sv/n^ — the time here meant being circular time^ 
as before. 

The calculations showing the method and the result of 
these proportions, will be found in prop. rv. and v. which 
follow in this chapter. 

The true ajidprima7y i-atio of circumference to diam- 
eter of all circles, as shown by the twelve propositions 
of chapter iL, is 20612 parts of circumference to 65G1 
parts of diameter ; and by the solution of the foregoing 
problem it is shown, that the relative motion of three 
gravitating bodies, as of the moon, the earth and the sun, 
is as foiir to three^ or one and one-third of one jprimury 
circumference. 

With the solution of these two problems, and keeping 
in mind the preliminary remarks made at the commence- 
ment of this chapter, we are prepared on simple, original, 
and mechanical principles, to reduce to numbers, the 
great circles performed by the revolution of these grav- 
itating bodies. 

The f/rstj and to us relatively, the primary orbit of 
natui'e, which is fulfilled by these revolving bodies, is a 
sidereal lunation, or the passage of the moon round the 
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earth from opposite a fixed star to opposite that fixed 
star again, — ^fii-st because the motion is directly around 
our earth, and secondly, because the fixed star, so-called, 
has the least apparent or to us relative motion, of all the 
heavenly bodies ; therefore, 

PROPOSITION n. 

The moonh orbit {or moon^s thtie) round the earth in 
a sidereal lunation, over the valtie of a complete circle, is 
one and one-third of one jprirnary circumference. 

The ratio of circumference and diameter being 20612 
to 6561, the moon's orbit =20612x1^ =27.48266666+, 
which pointing ojBE 2 figui*es to the left for days (because 
the first figure or left hand unit of diameter being 6 
(6,561), therefore circumference has two left hand places 
of units) I say is the exact time of the passage of the 
moon round the earth, over the value of a complete 
circle, the time being in circular days of 23h. 51' 23'^ 20'" 
each, and therefore 27.48266666+ x 5153000'" (the value 
of 1 circular day) =141618181.3333+ -^5184000'" (the 
value of 1 solar day) equals 27.3183220164+ which 
reduced to the proper divisions of solar time =27d. 7h. 
38' 28" 1'" 20"", which I say as before is the exact time 
of the passage of the moon round the earth over the 
value of a complete circle. 

But because, as has been shown, all natural periods of 
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time are greater than one circle, and because a sidereal 
day, or the revolution of the earth on her axis from 
opposite a fixed star to opposite that fixed star again, is 
greater than a circular day or one revolution of the 
earth on her axis in spacej the difference being 4' 40" 46'", 
and because by the moon's passage round the earth she 
gains or performs one motion of the earth, tJief*efore the 
difference between one cvrcvlar day and one sidereal day 
is to be added to the moon's motion to complete the 
lunation, and therefore 27d. 7h. 38' 23" 1"' 20"'' +4' 40" 
46"; =27d. 7L 43' 3" 47"' 20"", which I say is the exact 
period of a sidereal lunation, the only error being the 
astronomical error in the length of one sidereal day 
(in adding the difference 4' 40" 46'"), which by long 
observation is known to be less (much less) than one- 
tenth of one second.* The error therefore is less (much 
less) than one-tenth of one second of time in a lunar 
month ! ! 

When I say that the above is the exact period of a 
sidereal lunation, I must be understood that it is the 
?n^a7ij!?erioJ which the moon observes through all time. 
Whether the moon's motion is or is not sometimes accel- 
erated for a long period and again diminished as much, 
does not touch this demonstration, but is a question 
standing by itseli It should be observed, however, that 

* It 13 less than one hundredth part of one second. 
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the period of a sidereal lunation, as given by me above, is 
nearly one-fifth of a second in a lunar month, less than 
the period given in astronomical time; and the differ- 
ence applied to the time of eclipses which happened 
before Christ, is found to agree exactly with the amount 
of acceleration which the moon is supposed to have 
received in the last two thousand years ; and hence my 
period is known to be the true period of the moon's 
motion round the eai*tL 

The second orbit fulfilled by these three revolving 
bodies, is that of the earth and the moon together 
revolving about the sun. This revolution, in conse- 
quence of all natxu'al periods of time being greater than 
one circle, becomes a little more complex than a luna- 
tion. According to the main proposition of three grav- 
itating bodies, however, it proceeds upon the same 
principles and is equally mechanical, but with this dif- 
ference, that instead of the sun passing round our own 
earth as the moon actually does, the earth as the center 
of the moon's orbit moves round the sun, carrying the 
moon with her, while the sun appears to move round 
the earth and the moon together in the same period of 
time. 

In the solution of the problem of three gravitating 
bodies I have shown the existence of the following pro- 
portion between the motion of the earth and the moon, 
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viz., " That as one primary circumference of a circle is to 
" the moon's time romid the earth over the value of a 
" complete circle in space, so is the moon's time round the 
" earth to the earth's time round the sun over the value 
" of a complete circle in space." Hence, in calculating 
the earth's orbit round the sun by the relative motion of 
three gravitating bodies, we must take the moon's orbit 
(or moon's time) as our primary circumference, or stand- 
ard of measure ; therefore, 



PROPOSITION nL 

The earth\s time round the sv/nover the value of a com- 
plete circle in space is as four to three, or one and one- 
thii'd the moorHs time round the earth over tlie value of a 
complete circle in spaxie. 

Therefore the moon's time round the earth, being 
27.48266666+, therefore the earth's time round the sun 
=2748266666+, xlj=366.4355555+, which pointing 
of three figures to the left for units, for the same reason 
that two figures are pointed ofE in a lunation, viz., because 
diameter has become such that circumference has three 
places of units, I say^ is the exact time of the earth's 
motion round the sun over the value of a complete 
circle in space, the time being in circular days of 23h. 
61' 23" 20'" each, therefore 366.4355555+ x 5153000'" 
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(the value of one circular day) =188824211.77777 + 
-^- 5184000'" (the value of 1 solar day) =364. 244293552+ 
which being reduced to the proper divisions of solar time 
=364d. 5h. 51' 46" 57'" 46"". But because a sidereal 
day is greater than the mean between a eiroula/r day and 
a solar day, by an excess of 44" 52"' (see table of time, 
page 1 48), which difference necessarily belongs to the 
sun's motion in his relative position to the earth and a 
fixed star so called, therefore we are to add the above 
period 44" 52"' x 1^=59" 49'" 20"" and 364d. 5h. 51' 46" 
57"'46"" + 59'' 49'" 20""— 364d. 5h. 52' 46" 47'" 6"". 
Now also, because the earth, in passing round the sun 
fi*om opposite a fixed star to opposite that star again, 
gains one revolution on her axis from opposite that star 
to opposite that star again, or one sidereal day, tJierefore^ 
we are to add to the above period one sidereal day to 
complete the mean year. Therefore 364d. 5L 52' 46" 
47'"6"" + 23h. 56' 4" 6"'— 365d. 5h. 48' 50" 53'" 6"", 
which I say is exactly the period of the mean year, the 
only errors being 2 J the amount of error in the astro- 
nomical time of the length of one sidereal day, viz., once 
in adding the sidereal day gained by the earth's motion 
round the sun, and once and one-third in adding the 
difference, 44" 52'", xl|. And as such error is known 
to be less (much less) than one-tenth of one second of 
time, therefore the siun of the errors in the above period 
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are less (mucli less) than two-tenths of one second in the 
mean year ! ! 

If fi'om the above period of the mean year, we deduct 
the excess of dijffierence between one cii'cular and one 
sidereal day, and one sidereal and one solar day, viz, 
44" 52'''; or, if instead of adding one sidereal day for 
the motion which the earth gains in passing round the 
sun, we add one circulm* day and the difference between 
one sidereal and one solar day, we shall then have the 
period of the solstitial or solar year, viz. 365d. 5h. 48' 
6" 1'" 6"", which is the known truth within the smallest 
appreciable division of time. This also is a mechanical 
necessity of the whole principles advanced, because as it 
will be seen that the earth gains exactly one motion on 
her axis while performing the value of a complete circle 
in space while passing round the sun, therefore the 
amount of the sun's precession of a fixed star shall ex- 
actly equal the excess of difference between a circular 
and sidereal and a sidereal and solar day. 

I have several methods of determining from the above 
periods the amount of a solar lunation, or the moon'n 
synodical period, and by every method I find the exact 
period to be 29d. 12h. 44' 2" 50'" 31"", which also agrees 
with the most exact time of her conjunctions as observed 
by astronomers for any number of centuries past. 

I have thus, without the use or help of observations of 
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any kind, but with the aid only of the solution of the 
Quadrature and the problem of three gravitating bodies, 
and operating only with the simple properties of num- 
bers and with perfectly mechanical principles, deteiTnined 
what the periods of fowr great astronomical circles shall 
BE, viz., a sidereal and a solar lunation, the mean year and 
the solar year. And these periods, though differing very 
minutely from astronomical time as given, are found, 
nevertheless, upon examination, to agree exactly with the 
conjunctions of nature without correction or allowance* 
If the same calculations be made by geometers' approxi- 
mate ratio of circumference to diameter, the result is 
more than one second of time in a lunar month and near 
fifteen seconds in the mean year le%8 than the Tcnown ti-uth^ 
and will agi'ee with no natural period of time whatever. 
If therefore the solution of the problem of three gravi- 
tating bodies he true^ then it is certain that the geome- 
ters' ratio of circumference to diameter is not true^ but 
that it is less than the truth, as I have demonstrated both 
by inverse and direct propositions, chap. i. and ii. And 
if the solution of the problem of three gravitating bodies 
is t/rue^ then it is equally certain that my ratio of circum- 
ference and diameter i% true aUo^ because it agrees with 
the truth of nature, in the revolution of these great 
circles. It alters nothing, and matters not in the least, 
that these revolving lodies do not move exactly in circu- 
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lar orbits, because by the well-known law, that they 
" describe equal areas in equal times," their orbit motion 
is made exactly equal to a circle. If, therefore, geome- 
ters admit the solution of the problem of gravitating 
bodies, they must admit my ratio of circumference and 
diameter aUo^ or they must deny the truth of these 
astronomical periods, which are established by long and 
the minutest possible observatipns of time as shown by 
the conjunctions of nature. And if they reject my ratio, 
they must disprove both the quadrature and the problem 
of gravitating bodies, neither of which can they do, by 
. any show of reason, which cannot be proved to be un- 
sound and false. 

It must be observed, that astronomers have arrived at 
their great accuracy in time, not by a simple mathemati- 
cal problem, as I have done, nor by the geometrical ac- 
curacy of their ratio of circumference and diameter ; but 
at a great expense of time, money and labor, through a 
long period of centuries, by taking a great number of 
careful observations at remote times and distances from 
each other, then by comparing the whole together, and 
taking the mean of all the differences for the trath ; and 
by thus taking the mean of all their errors for the truth, 
they arrive at an accuracy in the computation of time, 
which their ratio of circumference and diameter cannot 
give them ; not, however, without liability to some amount 
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of remaining error. But my system requires no such out- 
lay of time, money or labor, nor does it claim the indul- 
gence of a correction of error. It proceeds only upon 
the simple properties of numbers, and principles of me- 
chanics, and points out to us not merely what the truth 
is^ but what the truth necessarily shall he^ and gives a 
reason for it, why it shall be so, and cannot be otherwisa 
It will not be understood, however, that the foregoing 
is the limit of the application which may be made of the 
quadrature to the astronomical circles, I have already 
applied it extensively^ amd with sv/ccees, to others of the 
most important problems in astronomical science; and 
my present judgment is satisfied, that it is capable of 
being applied, ad injmitwm^ to new discoveries of the 
laws and combinations which enter into the system of the 
universe, even (if the mind of man could embrace so 
much) to determining the time, distance, magnitude and 
motion of every revolving body within the range of 
telescopic observation. It wiU contradict tio hnown laio 
of nature. It will confirm the truth of Kepler's law, and 
the law of gravitation, as discovered and principally ex- 
plained by Newton ; but it will Thot conflnn all else that 
Newton has said on kindred subjects. And if my present 
judgment is not mistaken, these problems, when under- 
stood and received, will, by the simplest possible mecha/air 
cal evidence^ put to silence, and to rest forever, some of 
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the stupendous theories which have occupied the reason- 
ing of men's minds for centuries, and which have been 
received^ only^ because they emanated from great minds, 
and helievedj only^ because no one knew to the contrary. 
It is not my intention, however, at present to make a 
show of mathematical curiosities or astronomical won* 
ders ; I desire only to prove the soundness of the basis on 
which I reason, by the well-known truths of nature, in 
which there can be no mistake, leaving the further dis- 
covery of new truths, and the correction of old errors, to 
future development. 

The periods of time as given by me in the foregoing 
problems, and astronomical time as given by the best 
authorities, will stand as follows : 

A Sidereal Lundtion. 
Astronomical time 1 My period. 

2rd 7h. 43' 4". \ 27d. 7L 43' 8" 47'" 20' 

Solwr Liinatim. 

Astronomical time as com- 
monly given. 
29d. 12h. 44' 3". I My period. 

The synodical period asl 29d. 12h. 44' 2" \\ 
given by McKay, the Eng- [ q^ 

lish navigator. \l^^ 12L 44' 2" 50'" 31"" 

29d. 12h. 44' 2A; or, 
29d. 12h. 44' 2" 48'" 
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Mean Tiaie. 
Astronomical time as given' 
by the best authorities 
thirty years since. 

365d. 5h. 48' 49". 

A • 1 , , -.1 ^7 period. 

As given by the latest and > 

^ ^ ^ /365d. 5L 48' 50'' 53'" 6'"' 

now esteemed the most 

accurate authorities, taken' 
from a work of Dr. Dick's. 
365d. 5h. 48' 51" 

Solar Year. 
Astronomical time ) My period. 

365d. 5h. 48' 6". J365d. 5h. 48' 6" 1'" 6"". 

From the above comparison it will be seen that my pe- 
riod differs from McKay's but the thirtieth part of a second 
in a mean solar lunation, or lunar month; from Dr. Dick's 
but the teyith part of a second in the mean year, and in 
the solar year from astronomical time, but the fiftieth 
part of one second of time ; and it is known, as I have 
already said, that astronomers, notwithstanding their 
great accuracy, are still liable to some very small remain- 
ing error, and it is admitted, that because time is the 
infinite division of motion, therefore no two relative 
periods can be stated exactly / yet the differences in all 
the above cases are portions of time so incomprehensibly 
small that no one can estimate them. 
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The periods of time esteemed to be correct thirty years 
ago, are those first given "in the foregoing table, viz. : 

A sidereal lunation, 27d. 7h. 43' 4". 

A solar lunation, 29d. 12h. 44' 8''. 

A mean year, 365d. 5h. 48' 49". 
And on these, I am induced to believe, most of the 
astronomical tables in use were calculated. It will 
be seen that my periods differ fi*om these a trifle more 
than from those established by the more recent surveys, 
being less than either lunation by nearly one-fifth, of a 
second, and in the same proportion greater in the mean 
year, or nearly two seconds in the year. Within the 
last thirty years, however, new sets of observations have 
been made in Europe, and a new deduction made of the 
mean year, making it, as before quoted from Dr. Dick's 
work, 365d. 5h. 48' 51", thus agreeing with my period 
within the tentli part of a second in the year ;* but I am 
not aware whether any correction has been made in the 
time formerly given for the lunations. It can, however^ 
be shown, I think, that in the assembled motion of any 
number of revolving bodies, as of the planetary system,. 
if the period of any one of them be fixed too small^ ob- 
servation will show the period of any other one to be too 

* It is worthy of remark that I was not aware of this correction of the 
mean year which makes it agree with my period, mitil within the past year, 
and sreral years after I had made all my calculations. 

12 
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great to meet the conjunctions which nature makes, and 
tiO make the conjunction by calctllation, that body whose 
period is given too small must be retarded or its period 
made greater, and the other must be accelerated or its 
period made less, it being a Ttuan of hoth their motioiis 
which brings them into line. It is self-evident, there- 
fore, that in changing the astronomical period of the 
mean year as before stated, making it greater by nearly 
two seconds than formerly, astronomers should have 
changed the periods of the lunations also, making them 
proportionately less than formerly, or otherwise the two 
(the earth and the moon) will not perfectly conjoin 
according to the calculations made on their respective 
periods ; because, as before remarked, it is a mean of 
both their motions which brings them into line. And if 
this he done^ then the periods of the lunations last above 
given will be made to agree with my periods^ to the 
sixtieth part of a second of time, and they will also agree 
within the thirtieth part of a second with the synodical 
period or mean solar lunation as quoted from McKay in 

the foregoing table, which has long been supposed to be 
the nearest possible approach to the mean time of the 

conjunction of the earth, sun, and moon. 

Let it here be noticed that the mean of the difference, 
which my period of the mean year is greater^ and the 

lunations are less than the periods formerly in use, is 
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exactly equal to the supposed acceleration which astron- 
omers say the moon has received in the last tWo thou- 
sand years or more ; and this difference being applied by 
time to the relative motion of the earth and the moon, 
will place the two in conjunction with the sun, just at 
the time and place where an eclipse is known to have 
happened more than four hundred years before Chiist, 
whereas the astronomical tables will be fully an hour 
and a half out of the way. It is, therefore, certain that 
my periods are, to the smallest appreciable divisions of 
time, the true periods of the mean relative motion of the 
earth, sun and moon, and the inference from all these 
truths is a perfect and practical demonstration of the 
truth of my ratio of circumference and diameter. If 
these be facts, they seem to contradict the existence of 
the acceleration of the moon, such as is supposed by 
astronomers to exist, and to imply instead a perfectly 
equable mean motion of that body. — It is not my inten- 
tion at present to argue the points of acceleration, or no 
acceleration. I do not say at present that acceleration is 
impossible ; because nothing is impossible with the in- 
finite wisdom and purpose which governs the universe ; 
hut I do not credit it^ notwithstanding the high authority 
on which it is asserted, because, fiTst^ it is a notion 
which grew up only on the discovery of error in the 
calculation of eclipses through long periods of time, and 
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in efforts to account for that error. Secondly^ all the 
appearances which indicate it may be easily accounted 
for, without the necessity of its existence, and nothing 
exists in natui'e which is unnecessai^y. Thirdly^ it in- 
dicates defection in nature's laws, and therefore it cannot 
be true. 

In the solution of the problem of gravitating bodies I 
have established certain proportions^ which, in order not 
to be misunderstood, it is proper to reduce to calcula- 
tions; therefore, 

PROPOSITION IV. 

First proportion. As one primary circumference of a 
circle is to the moorHs time about ike earth over the value 
of a complete circle in space^ so is the moon's time round 
the earth to the eariKs time round the sun over the value 
of a complete circle in space. 

It will be evident that any two parts of the above 
proportion being known, the third may be found. By 
proposition m. (this chapter^ it is shown that the moon's 
time round the earth is, to one primary circumference, as 
27.4826666+ to 20,612; therefore, 

: 20612 :: 274826666+ : 274826666 +=366.435555 + 

The time, in the above periods, is circular time^ and 
pointing off two figures to the left in the first period, and 
three in the second for units, on reference to propositions 
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n. and m. it will be seen how these periods are brought 
to the solar Ume contained in a sidereal lunation and the 
mean year. 

The second proportion, in the problem of gravitating 
bodies, is a geometrical proportion, as follows : 

PROPOSITION V. 

Second proportion. The square of the diameter of the 
moon is to the square of the diameter of the earthy as the 
mooii^s time round the earth over the value of a complete 
circle in space, is to the eartJCs time round the sun over 
the value of a complete circle in space. 

Three parts of the above proportion being known, the 
fourth may be found ; therefore let the moon's diameter 
be the part unkno-wn. We have already seen that 
the moon's time =27.4826666+ and the earth's time 
=366.435555+ (circular time), and the diameter of the 
earth has been ascertained by actual measure to be 
7,912 miles, which it no doubt is, very nearly. Ad- 
mitting, then, that the earth's diameter is 7,912 miles, 
then the square of her diameter =62599744, therefore 
: 366.435555+ :: 62599744:27.4826666+ =4694980.8 + 
and : \^4694980.8+ =2166i^+ which, I say, is the true 
diameter of the moon, and neither one mile, or tenth of a 
mile, more or less, the only condition being, that the 
diameter of the earth is 7,912 miles. 
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Dr. Bowditch gives the moon's diameter as 2161 miles, 
and otters have given it at 2180. It will be seen that 
tlie diameter proved by me, is neai'ly 6 miles greater 
than that given by Dr. Bowditch, and 13 miles less than 
is given by some others. But the fact that astronomers 

ft 

differ at all, proves their method to be imperfect, and 
consequently liable to error, sometimes greater and some- 
times less, while the close approximation on each side is 
a veiy strong argument in favor of the tnith of my pro- 
portion, even if it were not hei-e seen to be accurately 
deduced from mathematical principles. 

In my introduction to the Quadrature (chapter ii.), I 
there signified that my coui'se of reasoning would be 
strictly original, and wholly independent of any arbi- 
trary v\A^— perfectly conformable to nature^ yet not con- 
fined to the rules of art ; and I recall attention to this 
remark, because it is necessary to be borne in mind by 
those who may undertake an examination of the subjects 
treated of in the present chapter. 

In respect to the astronomical circles, it must be 
observed, that the manner in which I have treated them 
embraces no other facts or principles, than the simple 
relations between numbers, shapes and motion, and no 
I'eference is made, or intended to be made, except in the 
fifth proposition, to either magnitudes or distances. In 
treating of the astronomical circles, therefore, I have 
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simply treated them each as one circle^ made up of the 
parts which compose the jwimary relations between the 
circle and the square, but without any reference to any 
standai'd of measure in art. 

It is to be regretted, I think, for the sake of science, 
that so little examination has been made into the re- 
cesses of nature, to supply us with standards of measure. 
So far as I know, science has given us no natural stand- 
ards. The French standard, derived from the measure- 
ment of an arc of the meridian, is but an imperfect 
attempt. We are told, in English, that " three barley- 
corns make one inch," and the length of three barley- 
corns, which grew in the time of one of the English 
kings, seems to be the only contribution which natui'e 
has been called upon to make, to supply us with stand- 
ards of measure. It is not at all w^onderful, therefore, 
that such standards have no applicability to time, as cre- 
ated by the motion of revolving bodies, or to any of the 
fixed laws of nature Trhatever. 

It has been objected by some caviling minds, that cal- 
culations like these astronomical circles, which are based 
only on the properties of numbers, or of shapes, but 
which have no standard of value, cannot be of any prac- 
tical use. But this is a veiy short-sighted objection, 
and to make them of practical ' application and use, we 
have nothing to do, but, just as is necessary in any other 
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case, to erect a standard of value in ov/r o\on minds. 
But in order to make any standard available to us here 
for any intelligible purpose, it is necessary that it be 
selectedy^c^m nature j and it must also be 9k fixed fact in 
nature, and not an accidental truth, like the childish con- 
ception of the length of " three barleycorns." To answer 
the objections made, and to illustrate and prove this 
position, I am induced to add anoiker prcLctical question^ 
which was not intended in the commencement of this 
chapter. 

It is well known that the United States has lately 
expended a large sum of money for the erection of an 
observatory in southern latitude, for the purpose of co- 
operating with others at the north, in determining the 
sun^s distance from the earth ; and my purpose is now to 
show, that this truth may be determined with much 
greater precision by my principles of reasoning, than by 
any other method, and without the lielp of ohservatiom 
of any hind. As there is an uncertainty with astrono- 
mers, at least to the extent of several millions of miles, 
what the sun's mean distance really is, it may not be 
uninteresting to compai'e the results of my principles of 
reasoning with the actual observations, when they shall 
be completed. Therefore — 
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PROPOSITION VL 

The mean distance of the sun's center from the center 
of the earth, or that at which the earth would revolve, 
if the area or plane of her elliptical orbit were made the 
area of a circle, is eleven thouBand aixhuTidred and sixty- 
four diameters of the earth, neither more nor less ; ad- 
mitting, therefore, that the earth's diameter is 7,912 
English miles (which it no doubt is pretty nearly), then 
the sun's center is distant from the earth's center as 
above 92,285,568 English miles, and neither one mile 
more or less. 

In following out the above proposition to demonstra- 
tion, in order to make the connection of my principles of 
reasoning clear and manifest to the perceptions of others, 
it is necessary here to lay down as axioms certain truths 
which have been proved. 

First. The circle is the basis or beginning of all mag- 
nitude or area. (Proposition in., chapter ii.) 

Secondly, Any expression of numbers in relation to 
material things is also an expression of magnitude. (Pro- 
position VL, Appendix.) 

Third. A point is therefore a magnitude when con- 
sidered as on£. (Proposition vi.. Appendix.) 

Foxirth. A point in reference to space or extension on 
all sides of it, is therefore a molecule or globe, and in 
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reference to a plane, it is a circle. (Proposition vi. 
Appendix.) 

A point, when considered and treated as a/2«, is there- 
fore the least possible existence of magnitude, — ^the origi- 
nal principle of matter ; b. fixed fact in nature, unchange- 
able, imperishable, and such, that the union of many 
points according to their chemical affinities, becomes mat- 
ter developed to the senses, and because we can have no 
other comprehension of the development of matter, 
therefore, relatively to us, this is an ahsolitte truth, A 
point is therefore sitch^ that it has an exctct relation to 
ev^ry development of matter in our world and its atmos- 
phere ; therefore, if the magnitude of a point were a 
thing within our comprehension and grasp, it would form 
a perfect standard of measure^ and by enumerating points 
beginning with one, and counting upward, numl)ers 
would at length express the magnitude of oui* world ; 
and in the process of counting, we shall have enumerated 
the exact relative magnitude, one to another, of every- 
thing contained in it. A point is therefore a perfect 
standard of m^asu/re^ and any number of points is a per- 
fect standard of measure for any greater number of points. 
Hence our earth being a magnitude made up of points, 
and fx. fixed fact in nature^ is therefore a perfect standard 
of measui'e for all greater magnitudes that surround it. 

When we attempt to comprehend or to estimate the 
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distance from our eai*th to the sun, we enter on a higher 
order of creation, and mentally pass fi*om the contempla- 
tion of things in the world, to things in the universe, 
where worlds are points^ bearing exactly the same rela- 
tion to the infinite \olioh^ which the incomprehensible 
and undeveloped point bears to our world, because each 
runs to infinity^ and because a point is one^ and therefore 
emphatically ike one to which all other and gi'eater mag- 
nitudes ai*e exactly related; therefore, let the earth be 
ome^ and let that be the standard by which to measure 
the sun's distance. 



PLATE xxvn. 




By proposition l, this chapter, I have shown that the 
relative motion of three gravitating bodies, as of the 
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earth, the sun, and the moon, is as fowr to iliree of one 
primary circumference of a circle ; but this, as has been 
seen, is without reference to any definite standard of 
measure. By relative motion, is meant, of course, the 
relative change of position of one body to another. By 
that proposition, therefore, the measure of a year is the 
measure of a circle in which the earth and the sun 
change their relative position, and return to that position 
again. And by the same proposition, and proposition 
m., this chapter, it has been shown, that the time in 
which the earth performs the value of a complete circle 
in space, being reduced to circumference, it has a diame- 
ter of 11664 parts of that which I say is one primary 
circumference in nature, viz., 6561 x IJ = 8748, x 1^ = 
11664. It will be evident, on reference to the illustra- 
tion on the last page (Plate XXVIL), that a circle 
which is the measure of the relative change of position of 
two of these gravitating bodies, and around which they 
move relatively to one another^ is the circle A, whose cir- 
cumference passes through the center of each body (the 
earth and the sun), hence the circle A is ilie circle whose 
circumference I have measured in determining the mean 
year in proposition in., this chapter, and whose diameter 
is 11664 ; in which proposition, I have also made the earth 
(by her revolution on her axis) to be the v/nit or stand- 
ard of measv/re. It will be seen, also, that the diamet« 
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of the circle A is the radius of the circle B, which the 
ea/rik shall de-^crihe in passing round the sun^ and there- 
fore the diameter of the circle A is the ea/riKs distance 
from the s^wm. 

Now, therefore, because the earth is a primary magni- 
tude, a jwed fact in nature, and a point in the universe 
whose valtce is one^ bearing the same relative value, in the 
order of creation, to things in the universe, which the 
undeveloped point bears to things in the earth, and is 
therefore a perfect standa/rd of measure^ — and because 
she is herself the unit or standard of meastu-e which by 
her revolution determines the value of the circle A in 
measuring the mean year, and is also, by hypothesis, here 
made the unit for determining her distance^ and because 
the diameter of the circle A is 11664 parts of the diame- 
ter of one primaiy circumference, of which the earth is 
but one part^ therefore, the earth's mean distance from 
the sun, from center to center, is 11664 diameters of the 
earth, neither more nor less; and therefore, admitting 
that the earth's diameter is 7,912 English miles (which it 
is pretty nearly), then 11664 x 7912 = 92285568 
miles, which is the earth's mean distance from the sun, 
and not one mile more or less. 

The proposition is tlierefore demonstrated 1 1 
In order not to be misunderstood in respect to the 
result in the foregoing demonstration, it is proper for me 
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here to add some exjJanation of the difference between 
that which I have called the suri^s mean distance^ and 
that which is commonly understood by astronomers as 
such. It will be self-evident to all, I think, that admit- 
ting my demonstration to be true, the distance shown is 
that at which the earth would i*evolve in a perfect circle, 
if the sun were fixed in the center ; and if this be the fact, 
then it is equally evident, I think, that the distance 
shown is the radius of a circle whose area is exactly 
equal to the plane of the earth's supposed elliptical orbit ; 
because it is self-evident, that if the earth shall move 
through an elliptical orbit by an wnequal motion^ passiifig 
over eqii'al a/reas in equal timeSj it is precisely the same 
thing as passing over the circumference of a perfect circle 
having the same area as the ellipse by an equal motion in 
exactly the same period of time. It Avill be seen from 
PLATE xxviiL the illustration (Plate XXVIIL), 

that the ellipse and the circle hav- 
ing the same area, the radius of 
the circle is greater than the leasts 
and less than the greatest radius of 
the ellipse ; and this will be true, 
whatever elongation the ellipse 
may receive, and whatever center may be taken as the 

center. 

It will be known, also, from the laws which govern 
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these shapes, that the difference between the radius of 
the circle and the least radius of the ellipse, is less tlian 
Jialf the difference between the least and greatest radius 
of the ellipse ; therefore, if the sun's mean distance be 
taken to be half-way between the least and the greatest 
radius of the ellipse, it will be greater than the distance 
which my demonstration shows ; and if the sun's mean 
distance be taken to be the mean of the squa/res of the 
two radii of the ellipse, then the distance will be greater 
still ; the latter I believe to be the mean which is mostly 
adopted by astronomers ; but in either case, it will be 
seen, that any distance shown by them, even if measured 
with perfect accuracy, will be greater than mine. The 
angle of parallax, as deduced from the last transit of 
Venus, is given in Vose's Astronomy, as from the best 
authorities, as 8 ".5 2 at the sun's greatest distance, and 
8". 65 at the sun's mean distance^ — this latter would give 
a radius of about 94,300,000 + miles as the mean dis- 
tance. La Place, who has been esteemed the most accu 
rate authority in these things, thought that the deduc- 
tions made from this transit were within one eighty- 
seventh of the truth, more or less, he could not tell 
which ; thus leaving an unc^i'tainty of considerably more 
than two millions of miles; — deduct this uncertainty 
from the distance given above, and with a very mode- 
rate allowance for the difference of mean intended, the 
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sum will very closely approximate to that whicli I say is 
the exdct distance at which the earth would revolve in a 
perfect circle, if the sun were fixed in the center, and the 
area of that circle is exactly equal to the plane of the 
earth's elliptical orbit, as s/ie moves at present. The only 
qualification to this is, that the earth has a diameter of 
7,912 miles, neither more nor less. But putting aside all 
qualification^ to make the i}nTi^ perfectly a^curate^ I say, 
that the sun's distance at the mean, as given by me, is 
92,819,114 + of those parts, of which the circumference 
of the earth is exactly 25,000, and its diameter 7,957 +. 
And I sa)^, moreover, that these are the true parts at 
which the circumference and diameter of the earth 
should he considered^ according to the French standard of 
measure, which takes the circumference of the earth as 
one^ and proceeds by decimation to fix the value of 
smaller measures. 

It is known, that in consequence of the elliptical form 
of the earth's orbit, she must move faster in one part of 
it than in the opposite part. It is known, also, that all 
observations of the sun, or any of the heavenly bodies, 
taken from a position on the earth's surface, are liable to 
more or less error, from the fact, that the earth is at all 
times in rapid motion through her orbit, and on her axis. 
Hence, if two sets of observations be taken ; one, when 
she is in the largest part of her orbit, and the other, 
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when she is in the smallest, the errors in calculation 
arising from the earth's motion, will be greater in one 
case than in the other, because the earth moves faster in 
one part of her orbit than in the other. . But if the mean 
distance be taken, at which the earth would revolve in a 
perfect circle, having the same area as the ellipse, and 
with a perfectly equal motion, this liability to greater 
error at one time than another, will be corrected. I 
do not hesitate, therefore, in declaring, that the mean 
distance, as shown by me, is the most accv/rate^ as 
well as the most convenient, for all astronomical cal- 
culations made from observations, even if any other dis- 
tance could he accurately determined, which it cannot 
be by any method adopted by astronomers, without an 
uncertainty of considerably more than two millions of 
miles. 

Having thus determined w4th accuracy, the mean dis- 
tance from the sun, at which the earth would revolve in 
a circle having the same area as the ellipse, by Kepler's 
law, that "the squares of the times are as the cubes 
of the distances," we have a correct ba-ns on which to 
determine the mean distance from the sun, of every 
planet and satellite in the solar system^ a thing never 
before attained. And the only question for astronomers 
to decide, is, is my demonstration true to the operations 

of nature, according to the principles set forth in it ? 
13 
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I affirm that it is, to the smallest fraction, and challenge 
them to the disproof hj any means in their power, 
which is not liable to error equal to the disagreement 
which they may find ! I 



tfh 



QUADRATURE OF THE CIRCLE, 

A LEOTUHB READ BEFORE THE 

GEO&RAPHICAL SOCIETY. 

niTHERTO T7NPUBLISHED, CONTAINENG CURIOUS FACTS CONCERNING ITS 

PROBABLE ANTIQUITY. 



QUADRATURE OF THE CIRCLK 



I AM here to-night for the purpose of placing before you 
some new views regarding the old and long-since explod- 
ed question of the quadrature of the circle. The im- 
portance to astronomy and navigation of a correct knowl- 
edge of the circle, is my reason for stepping out of my 
proper sphere of business, temporarily, to become a public 
lecturer. 

I am perhaps as well satisfied as any man present of the 
ntter impossibility of ever finding the exact quadrature by 
the geometrical application of straight lines to its meas- 
urement. 

I have, indeed, very often gone farther than any one 
else in this particular, and said (perhaps not very charita- 
bly) that any one who did not know at sight, and without 
any demonstration, that the measurement of the circle by 
the application of straight lines or by plane Trigonometry 
is impossible, did not know anything at all of the subject. 

In every natural truth which we may attempt to devel- 
op, there will of necessity exist certain principles which 
we may lay down as axioms to guide our reason in follow- 
ing out the subject to a careful development. 

Some such principles exist in the circle in its relation to 
1 
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other shapes, and to the square especially, which is made 
the standard of superficial quantity. I will therefore state 
a few of these principles, such as I think no one will ven- 
ture to dispute, and we may receive them as axioms in Uie 
further pursuit of our reasoning ; and, 

1st. Between straight lines and curved lines there is an 
essential difference in properties, and before we can deter- 
mine with accuracy what is true of the circle and what 
not, we must first understand what that difference of prop- 
erty is. 

2d. The circumference of a circle is a line lying wholly 
outside of the circle thoroughly enclosing it, 

3d. The circumference of a circle, in its power of enclos- 
ing area, is greater than any possible number of straight 
lines of the same aggregate length in any shape; hence 
there is a point in a line of figures representing circum- 
ference, where such excess shall amount to one or more. 

4th. That which geometei-s call a circumscribed poly- 
gon is not a circumscribed polygon, because the centre of 
each side coincides with the area of the circle, and the true 
circumference lies wholly outside, enclosing the whole 
area ; at a great number of sides, therefore, the so-called 
circumscribed lines are brought wholly within the true cir- 
cumference. 

These are all demonstrable truths, and are, I believe, 
entirely new as elements to be considered in demonstrat- 
ing the Quadrature. 

Accepting them as axioms, we will proceed to give some 
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iilnstrations of the relative properties of the circle and the 
square. 

The great and fatal error of geometers is seen in their 
declaration that the circle and the Bqaare are ^^ incommen- 
surable," that there is no co-relation between circumfer- 
ence and diameter, and our first proposition shall be to 
dissipate this fatal error ; therefore, 

Proposition First. 

Tht circumference of any circle hdng given^ if thai dr- 
cumference he hrought into the form of a sqicarey the area 
of that square is equal to the area of another cirde^ the 
circumscribed square of which is equal in area to the area 
of the circle whose drcumference is first given. 






Let the circumference of the ciixjle E be given ; let it 
be 36 or any other number; now let the four sides of the 
square F al80=36 ; then each side equals 9, and 9 x 9= 
81, which is the area of F; now let the area of the circle 
6r=81, then the area of the square II circumscribing 6^, 
equals the area of the circle E^ whose circumference is 36. 
The reverse of this proposition will read as follows : — Any 
square H is such that its inscribed circle O is equal in area 
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to another sqaare, F^ whose circnmference, or four sidee^ 
eqaah the circumference of another circle E of equal area 
with jy. 

The foregoing proposition is entirely new in Mathemat- 
icSy and was never known until published in mj Quadra- 
ture in 1851. It does not prove what the ratio of circum- 
ference is ; it is a general principle, true of all ratios alike, 
but it sets aside forever the chimera that the circle and the 
square are incommensurable, or that there is no co-relation 
between circumference and diameter. 

The truth and beauty of this proposition and its general 
principle are seen by applying it to other shapes. For ex- 
ample, let the circumference of E be given, let it be 36; 
then let i^ be a hexagon whose six sides shall equal 36; 
then the area of F shall equal the. area of the circle 0^ 
whose circumscribed hexagon is equal in area to the area 
of the circle E^ whose circumference is given. The same 
is also true of the triangle, the pentagon, the octagon, or 
any other regular shape, whatever may be the number of 
its sides. 

If, then, we shall let i?^ be a polygon of 6,144 or 8,000 
sides, and G a circle equal in area to F^ then H^ being a 
polygon of 6,144 or 8,000 sides circumscribing G^ is equal 
in area to the area of the circle E^ when circumference is 
given. And what does all this prove? Wliy it proves 
the truth of every axiom we have just laid down, and the 
reader is referred to each of them for application of the 
rule. The truth of this proposition is first proved by 
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numbers. It may be proved algebraically, also, when dis- 
covered, but I think algebra contains no formula that will 
regard the transition and alternation of shapes to enable 
you to make the discovery. 

It is not possible in a single lecture on an intricate sub- 
ject, and especially one that has been so much studied, 
criticised, and abused as the Quadrature of the Circle has 
been, to present and illustrate all the gradations of reason 
which enable ua to master the first elements of a great 
. natural truth, and to follow it up to a demonstration. In 
the book which I published on the Quadrature, in 1851, I 
have treated all these things diffusively. 

But for our present discussion, we must pass over the 
labored demonstrations, showing the mechanical errors of 
geometry in its application of straight lines to curved 
lines, and come at once to some of the principal demoti- 
strations which show our ratio to be the true one, and our 
principles of reasoning sound. The method now in use 
by mathematicians being found to be impracticable, it is 
necessary to try some other method. I have therefore 
taken up shapes in their distinctive qualities, as a basis of 
reasoning, irrespective, to some extent, of the straight lines 
which serve to form those shapes. Those who contend 
for the geometry of the schools, will perhaps think this is 
not mathematical. But I am authorized to do it by truth 
and nature, for it will be perceived that the first step of 
nature in the material creation is the production of shapes, 
and lines are nothing more (I mean the imaginary lines of 
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geometry) than the dimensions, bonndaries, and divisions 
of those shapes; therefore shapes are primary things, and 
lienee a true basis of mathematical reasoning. We pro- 
ceed then with a proposition that shall lead us dii"ectly to 
the demonstration of the Quadrature. 

PttOPOsmoN Second. 

The cvrde and the equUateral triangle are the primary 
of oil shajpes in nature / they are opposite each other in 
all the elements of their constructiony and hence the square 
of diameter being mxide the standard of measure^ the cir- 
cle and the equilateral triangle in their fraetioThdl rddtions 
to the square are opposite ea^h other in ratio of the squares 
of their diamsters. 

I believe it is admitted by all, and therefore needs no 
argument to prove, that the triangle is the primary of all 
shapes fonned by straight lines, because no slmpe can exist 
having less than three sides; therefore the equilateral 
triangle is the primary of all shapes formed of straight 
lines, and equal sides and angles; and the circle is the 
ultimatum of nature, in the extension of the number 
of its sides; it is infinite, so that all its sides are blended 
in one. In this respect, therefore, they are opposite 
each other in the first and chief element of their con- 
struction. For the convenience of reasoning, I am obliged 
to depart from the elegance of a mathematical role, 
and to consider angular shapes as having circumfer- 
ence and diameter, and the. reason for this is, that cir- 
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cnmference and diameter are the only dimensions by 
which all regular shapes may be measured alike ; there- 
fore we treat the three sides of the triangle, or the four 
sides of a square, as the circumference, and a line per- 
pendicular to the centre of either side as the diameter. 

Pursuing this examination, then, we see that the equi- 
lateral triangle has the greatest circumference and the 
least area of any possible shape formed of straight lines, 
and of equal sides and angles, and the circle has the 
greatest area, and the least circumference of any possi- 
ble shape ; therefore, in this also they are opposite each 
other in their elements of construction. The triangle 
is measured by half its circumference, and the radius 
of an inscribed circle, and is thus found to have the 
letist radius of any possible regular shape, of equal cir- 
cumference ; and the circle has the greatest radius and the 
least circumference of any possible regular shape of equal 
area. If we take the aggregate of circumference and 
radius in each shape, they are most equally divided in the 
circle, and most unequally in the triangle ; in every case 
that which is greatest in the triangle is least in the circle, 
and that which is least in the triangle is greatest in the 
circle, and in every particular the two shapes are at the 
extreme and opposite boundaries of nature, being the 
greatest and the least that is possible. Therefore being 
opposite to each other in all the elements of their con- 
struction which go to make area, and the square of diame- 
ter being the standard of measure, the circle and the tri- 
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angle in their fractional relations to the square are oppo- 
site each other in the ratio of the squares of their diameter. 
j^ow let the area of the triangle A and the circle Bj 
e&ch equal one, then the diameter of the triangle (ac) is 
found to be \/ V 3. Therefore the diameter of the circle 
B being in the opposite ratio = 3' x 3', viz., 3 x 3=9 x 





9=81. Therefore 81 is a fractional diameter of the circle 
by which the circle and the square are equal to one another. 
We come now to another law of the circle and the 
square which it is necessary to consider in carrying out to 
demonstration the opposite ratio of the triangle. It is this : 

Pboposition Thibd. 

The trxie ratio of Gvrovmference to diameter of aU dr- 
dee is four times the area of an inscribed circle for a ratio 
of circumference to the area of the circumscribed square 
for the ratio of diameter. 

Hence the diameter of the circle B in its fractional 
relation to the square (7, being 81, therefore 81x81 = 
6,561, which is the area of the square C, circumscrib- 
ing B'y therefore by the two last propositions the area 
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of the circle B shall be some definite and certain 
number of 6,561 parts of the square circumscribing it. 
It is known to be greater, much greater than 5,152, 
and less, much less than \W\ parts of the circumscribed 
square, therefore (reductio ad absnrdum) it shall be 
5,153, because it can be nothing else, there being no 
other 6,561 parts between 5,152 and 5,154 ; and because 
by the last proposition the ratio of circumference is four 
times the area of the inscribed circle, therefore, 5,153 x 4= 
20,612, and 20,612 for the ratio of circumference to 6,561 
for the ratio of diameter is the true ratio of circumference 
to diameter of all circles. 

The Quadrature of the circle is therefore demonstrated, 
and agreeably to the axioms laid down at the commence- 
ment the point in a line of decimal figures where this 
ratio difiers from the approximation is seen to be in 
the sixth decimal place, viz. : 

Approximation = 31415926 

Mv ratio = 31415942 

And this difference arises wholly, Firsty from the es- 
sential difference in the property of curved lines, which 
enables them to enclose a greater area than any possible 
number of straight lines in a polygon ; and Secondly^ 
from the mechanical error, by which the circumscribed 
polygon of geometry at a great number of sides is made 
to coincide with the extent of the area of the circle 
instead of thoroughly enclosing it as is due. This last 

proposition is also a law of the circle unknown to 
1* 
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mathematicians, or, if known, is nowhere treated of as 
an element for demonstration ; and by this law we may 
find as many true ratios of cireumfei'enee as there are 
numbers in existence ; for example, let the area of the 
circle B = 112. We then find the area of the square 
circumscribing B by simply multiplying 112 by 6561, and 
dividing the product by 5153, the last product is then 
142.6 -f, then 112x4 = 448, therefore 448 to 142.6+ is 
a true ratio of circumference and diameter, only it 
happens that the diameter in this case is an infinite 
decimal fraction, just as an imperfect square has an iniln- 
ite decimal fraction for its root. 

The three propositions here given are laws of nature, 
and laws of tlie circle as well. They are but a small part 
of those which may be adduced in support of the mathe- 
matical truth which they assert, and they cannot be dis- 
proved by any possible means. Of the second proposition, 
the opposite ratio of the triangle and the circle, it may 
be said it is the "particular fact" that governs the 
relation of straight lines to curved lines. The triangle is 
seen to be the first departure of nature from curved 
lines. To produce shapes by means of straight lines, and, 
to find the relation which each bears to the other, we 
go back to the point where nature begins, and in doing 
so we are rewarded with success. 

I shall make no further demonstrations of the circle to- 
night, but devote a few moments to collateral subjects, such 
as I think may be entertaining or useful in this connection. 
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From a variety of facts and circumstances which have 
fallen under my observation, I have been induced to be- 
lieve that the Quadrature of the Circle, such as I liave 
demonstrated it to be, was known to the ancient 
Egyptians, and it will be matter of interest to inquire 
whether such be the fact, and if it was known, to trace 
the circumstances, when, where, and by what means it 
became lost. It is not my purpose or province to discuss 
the complete history of any branch of science, but I 
think a few words respecting the probable antiquity of the 
Quadrature, as one of the long-lost sciences, and a suflScient 
reason given why it has never been reached by modern 
Geometry, cannot be without interest at the present 
day. 

One of the first and strongest reasons for this belief is, 
that the quadrature, as I have demonstrated it, and the 
order and principles of revolution indicated by it, are 
rightly adapted to be the parent of the Ptolemaic system 
of astronomy in an age when our own Earth was sup- 
posed to be the centre of the Universe, and all else in 
gpaoe revolving around it. 

Or, perhaps, I might with more propriety say, that 
the system of astronomy as then understood was exactly 
calculated to reveal the properties of the circle such 
as we have shown it to be, in its relation to time and 
the revolutions of the great astronomical circles. As the 
ancients had not the advantage of instruments for obser- 
vation such as we now enjoy, they must have had 
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some means of calculation to supply the deficiency, and 
the circle alone could supply it. 

Perhaps it is not amiss to state here, that by the aid 
of the quadrature we are able to calculate a sidereal 
lunation, the mean year, the sun's distance, etc., with per- 
fect accuracy, each by a simple problem, without the aid 
or requirement of observations of any kind whatever. 

Among the minor evidences which we find, that favor 
our belief, antiquarians inform us that the number 6561 
was held to be a charmed number among the Egyptians, 
and this number we find to be the foundation of the 
circle in its relation to the square; its power and influ- 
ence in the quadrature is certainly suflicient in my esti- 
mation to justify such a superetition, and it is natural to 
suppose that among an ignorant people the superstition 
should remain, after the learning which had discovered its 
properties and influence had been lost. 

Professor Ingraham, in his fiction of the "Pillar of 
Fire," has related the Egyptian fable of the Phoenix, which 
every 651 years returns to its funeral pyre of the sun, and 
there consumes itself, but immediately rises again from 
its own ashes to renew its flight for another period. By 
a very pretty fancy the bird is made to represent a star, 
and to answer to the transit of Mercury across the sun's 
disk, in which the planet is lost to sight, and appears to 
consume itself in the sun's rays during the transit, but 
emerging to a new life as soon as it is past. I am not 
aware whether the transit of Mercury has been calcu 
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lated for bo long a period as 651 years. They occur 
frequently, but irregularly, generally once in about thir- 
teen years, sometimes in a lapse of only seven years. Her- 
scliel says that they return in nearly the same order every 
217 years; of course, then, they would return in the same 
order every 651 yeai*s, that period being three times 217. I 
know nothing of the authority from which the Professor 
claims to unite the period and the star with the fable, but 
it is well known that the fable of the Phoenix is a legen- 
dary superstition of the Egyptians, and I can easily asso- 
ciate his version of it with the superstitious remnants of 
the learning once possessed by their ancient Magi. The 
quadrature, as we have demonstrated it, reveals the fact 
that 651.4409 -f years, is the Earth's synodical period in 
revolving round the sun, exactly answering to the Moon's 
synodical period in revolving about the Earth ; a period, 
I believe, unknown to astronomy, except in vague and 
uncertain theory ; and that period is, as I believe and 
affirm, also the period of the revolution of the Magnetic 
Pole around the Geographical Poles of the Earth ; and 
here are two facts which, being fully established, are worth 
a life of study to learn. The subject is treated in my 
second lecture on Polar Magnetism, read before the Geo- 
graphical Society, and published in the volume of their 
Transactions for 1869-70. 

The circle was also used as an emblem by the 
Egyptians. It was sculptured over the doors of their 
temples as an emblem of Deity, power, and duration, 
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in which they showed a just estimate of it, for the cir- 
cle contains and controls all magnitudes and ail space — 
it is at once the greatest and the least of all created things. 

The Pyramids of Egypt, since they liave been visited 
by scientific men, are understood to have been built for 
the purpose of creating permanent standards of measure, 
and in reference also to some astronomical truth. A gen- 
tleman of Cincinnati has examined the construction and 
the measurement given of one of these pyramids, and he 
finds my ratio of circumference to correspond with the 
measure of the Egyptian cubit so nearly, that he thinks it 
must be the same. He quotes the value of that measure 
in British inches, as given by different persons who have 
scientifically examined the subject with a view to ascer- 
tain its exact value. The following are the results of 
their examinations expressed in British inches : 

Cubit of Elephantine 20.6254- 

" of Memphis (Jomraard) 20.473 + 

« ofTurin 20.578-f- 

" of Sir Isaac Newton 20.604 

" of the French measurement in 1799. 20.611-4- 

As my ratio of circumference is 20,612, it is easy to see 
tlieir agreement. 

The same gentleman reports to me that the application of 
my ratio enables him to reconstruct the Pyramid of Gizeh 
on paper, with all its chambers and in all its dimensions. 

That which most challenges our belief is, that the qua- 
drature of the circle being once known should ever have 
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been lost, being, as it is, an elementary truth, and the 
foundation of all growth, magnitude, and extension in our 
world; and we propose now to trace the circumstances 
that shall reveal to us when and how this has happened. 

Pythagoras, the earliest of the Grecian philosophers 
who taught mathematics and astronomy, before establish- 
ing his school of philosophy, 570 years before Christ, 
went into Egypt and sojourned there for the purpose no 
doubt of learning something of Egyptian philosophies, 
preparatory to setting up for himself in his own country. 
This seems to have been the habit of all or nearly all of 
the ancient philosophers of Greece, and is one of the evi- 
dences of the early civilization and learning of the ancient 
Egyptians. It is more than probable, however, that this 
civilization and learning had been long in its decadence at 
the time when Pythagoras visited Egypt, otherwise we 
should have had through him and others something more 
of the connecting link between the ante-pyramidal learn- 
ing of Egypt and the more modern Greek school than we 
now have. 

It is fair to presume, from the evidences we have, that 
the chief learning of the ancient Egyptians was in me- 
chanics, mathematics, and a8tronom3\ They probably 
had little of history or other literature ; or if they had, 
whatever remnant was then left of it was destroyed by 
the conflagration of the great Alexandrian Library in the 
wars of Julius Ciesar. I have always supposed that the 
destruction of that Library lost to us all knowledge of 
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ancient Egyptian hidtorj and literature; and that if it 
it had still existed, we should not now be ignorant of the 
origin of the Pyramids, or unable to decipher the inscrip- 
tions on their sarcophagi. The then rising Greek school 
sought only from their Egyptian neighbors the more solid 
sciences, and in that age of the world had little object in 
preserving the history and light literature then probably 
declining in Egypt. 

The establishment of the Alexandrian Library is ac- 
credited to Ptolemy Philadelphus ; but it is much more 
probable, that, as a liberal and enlightened prince, he 
made great additions to it, and that the Library had long 
been the depository of ancient learning, and perhaps also 
of the archives of the nation in days of its highest glory 
and prosperity. The Library was supposed to contain 
seven hundred thousand folios or parchments, and in those 
days of slow production of manuscript and CQpy it would 
not have been possible for any prince in one reign or in 
a dozen reigns to have accumulated so vast a Library. 
The destruction of the Library, and the corruption and 
vice of the people which culminated in the reign of Cleo- 
patra, finished the degradation of the Egyptian mind, 
which had long been sinking under the influence of 
luxury degenerating into license. 

Pythagoras brought with him from Egypt into Greece 
a system of mathematics consisting chiefly of the me- 
chanical properties of numbers, which he taught to his 
disciples, and his pupils carried the system so far, that 
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they professed to demonstrate spiritual truths by numbers 
only. They will readily be forgiven their error, if we first 
examine eflTectually the mechanical properties of num- 
bers, and then remember that they had not the restraints 
upon their imagination which modern Geometry imposes. 

Abated of this extravagance, the system which Py- 
thagoras taught is one of the evidences that what he 
learned of mathematics in Egypt was but a sequence of the 
study of the mechanical properties of numbers adapted to 
the principles of revolution, and was the basis of calcu- 
lation in the early periods of the Ptolemaic Astronomy. 

I hold the Ptolemaic system of astronomy, like the 
Library, to have been only revised, and perhaps enlarged, 
but not invented during the reign of either of the princes 
of that name ; I believe it to have had its origin by slow 
degrees from the remotest periods of time, when men gazed 
into the heavens and beheld the motions of the stars. 

While Egyptian learning had been long declining, the 
Greek school in mathematics began its rise. Dating from 
the time of Pythagoras onward, from time to time it re- 
ceived the contributions of noble minds, until at length 
culminating in the master mind of Archimedes, and the 
production of Euclid, the system of Geometry and 
Mathematics was established, such as it remains at this 
day, with little addition, and without a single change. 

This was the age which consummated Grecian renown 
in science and the arts, as previously in war. Centuries 
had been occupied in producing results which we have em- 
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braced in a paragrajdi. A people^ poor, proad, ambitions, 
passionate and bra^e, the Greeks fioarished and grew re- 
fined and powerfnl in a state of war, such as Egypt, ple- 
thoric with wealthy effeminate from Inxory, and cowardly 
and negligent from that effeminacy, sank under, till the 
light of her science had gone out in a darkneHs that became 
proverbial. 

Archimedes, by his system of demonstration, rejected the 
mechanical properties of nombers as taught by Pytha- 
goras, and made nombeiB secondary to the measurement 
of straight lines and angles. He thus dropped the only 
connecting link between the Egyptian and the Grecian 
school of mathematics, and rendered it forever impossible 
b^ any means which hie Bystem afforded to find the 
equality of sixaight lines to curved Unes. From that time 
may be dated the loss of whatever might have been before 
known of the circle in Egyptian science. If Archimedes, 
in his system, had permitted the reasoning from shapes in 
their whole and distinctive qualities, he might probably 
have preserved the knowledge, which without it has been 
lost for two thousand years. His system was less theoretic, 
more practical in its operation, more palpable to the senses, 
and as a consequence more definitely comprehended than 
that of Pythagoras ox the Egyptians. It was therefore, in 
one branch especially, a very great advance in practical 
geometrical science. In comparison of all former systems, 
it was like modern telegraphy, compared with Franklin ^s 
attracting the lightning from the clouds. But it should 
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be observed that, without Franklin, telegraphy would 
probably never have been known, and without Pytha- 
goras, Archimedes would probably have died a Helot. 

The excellence of the system of Archimedes soon gave it 
the preference over all others ; but it had one grand defect, 
with the value and importance of which the world is yet 
to become acquainted. It contained not a single element, 
having the least or the remotest affinity to the properties 
of curved lines in their intrinsic relation of value to 
straight lines ; and curved lines, not straight lines, lie at 
the foundation of all growth, magnitude, extension and 
area in our world. The universe, our world included, 
is built and moves upon curved lines, and nothing else. 

Archimedes himself knew the deficiency, but with all 
his knowledge he knew not how to supply it. He in- 
vented a problem, however, by which he diowed an ap- 
proximation, and in doing so he in fact acknowledged 
that he knew nothing of the distinct properties of the 
circle, or of its exact relation to the extension of area as 
measured by the square. 

But now there approached a period in the history of 
the world, which men have agreed to call the " dark ages." 
Following the crucifixion of our Lord, states and empires 
were overturned, science languished, art nearly perished, 
literature faded away, and for more than 800 years, no 
improvement in the world's condition was manifest ; only 
a few of the productions of mind during the period of a 
higher civilization were preserved, consisting chiefly of 
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. some of the Greek poets, bat along with them the invalu- 
able works of Archimedes. At the end of that period^ 
Egypt had become a forgotten country, and all her science 
had lapsed into the obscnrity of ntter darkness. 

But light and truth have never perished from the earth. 
While our ancestors of Western Europe were yet sunk in 
barbarism, Rome, even in her declining power,, sent her 
legions there to conquer the country. They carried with 
them some of the evidences of the civilization which had 
existed in the east; the seed was sown in ground not 
before occupied, and learning began to dawn in the then 
Western hemisphere; the system of Archimedes and of 
straight lines took possession of the mathematical branch 
of learning, and all the learning which Europe or America 
enjoys to-day in mathematical science is directly the re- 
sult of the works of Archimedes, which have been ac- 
cepted and adopted with the grave cmd inherent defect of 
cm absence of all knowledge of the properties and volute 
of curved lines. 

The problem which Archimedes invented and used for 
an approximation is the same that is in use to-day in 
every mathematical book, and by every mathematician in 
Europe and America, and their continued use of it is a 
sufficient acknowledgment that they know no better 
method ; that in fact they are ignorant of any of the exact 
properties of the circle, or of curved lines, and this is fully 
attested by their own standard-bearers. 

Playfair, in his Elements of Geometry, a standard work 
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ID the schools, admits the deficiency, and says that geo- 
meters "know no better method;" and Torrelli, the 
learned commentator of Oxford, on the works of Archi- 
medes, distinctly says, " that geometers by their approxi- 
mation" determine nothing whatever relative to the 
properties of "curved lines." 

Under these circnmstances, without a single element of 
truth on which to ground his opinion, Legendre had no 
need of a demonstration to prove the impossibility of 
squaring the circle by any method known to him ; it 
ought to have been self-evident to him before he at- 
tempted any demonstration, and if it were not so, it only 
proved that, in this particular, he did not comprehend his 
own science, which he certainly did not, if he has spoken 
the truth of his own mind. 

When Legendre made the declaration, which he did in 
his geometry, that he had " determined the quadrature of 
the circle as accurately as the root of any imperfect square 
could be determined to the same number of figures," and 
that "no person having the least pretension to geometrical 
science would ever make the attempt to find it more 
exactly," he was utterly and unmistakably ignorant, not 
only of the first principles embodied in curved lines, but 
of every element of their construction, and every special 
property belonging to them. The Academy of France, 
however, endorsed his dictum, and thereupon passed a re- 
solution, that no paper purporting to be on the subject of 
the Quadrature should forever thereafter be received or 
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considered by the Academy ; and so far as I can under- 
stand they have ever since adhered to this determination. 

The Boyal Society of London followed soon after 
with a similar resolution, and Montucla's . garbled and 
prejudiced history of the Quadrature was adopted to 
sustain these societies in their bold and presumptuous 
tyranny. The influence of this tyranny was to make 
it disreputable for any person to speak of the Quadrature 
as a thing attainable. He was at once branded as an 
imbecile, an enthusiast, or a lunatic, and such is the 
common reproach which is to-day heaped upon any one 
who shall even intimate the possibility of its discovery, and 
such epithets have not unfrequently been applied to me 
by persons of pretended eclucation in geometrical science. 

It seems impossible that a man of L^endre's power 
should have been entirely ignorant of his error. In his 
profound investigation of the Principles of Geometry, it 
would seem that the absence of any element of truth re- 
garding the properties of curved lines could not have es- 
caped his notice, and hence his declarations above quoted, 
and his concurrence in the resolution of the Academy of 
France, are all the more remarkable. Unfortunately the 
knowledge of the error would not reveal to him the truth, 
and in his pride he was unwilling to acknowledge the one 
without supplying the other. With the natural impul- 
siveness of his countrymen, therefore, he threw the whole 
aside, as without the pale of demonstration. 

The action of the Academy and the Koyal Society, 
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however, cannot be so easily justified. Their resolutions 
have enjoyed more than three-quarters of a century of 
usurped domination over the minds of men touching the 
Quadrature, and apparently with the consent if not the 
abject submission of the mathematical world. The very 
leai-ned President of the Smithsonian Institute at Washing- 
ton wrote me more than twenty years ago, in reply to some 
papers that I sent him, and referring me to Legendre's re- 
marks, before quoted, said, that "he presumed, on my see- 
ing what that great geometer had said, I would think no 
more about it." I had already seen what Legendre had 
said, and had satisfied my own mind that Legendre knew 
nothing at all of the properties of curved lines. 

All that Legendre or the Academy could have been justi- 
fied in saying, was, that the system of geometry with which 
they were acquainted contained no element of truth in re- 
gard to the value of curved lines, and that they knew noth- 
ing better than the Archimedean approximation. Their 
error lay in the egregious conceit that their system of geom- 
etry contained the whole truth of nature, when, in fact, it 
is nothing more than a method for finding out the truth. 

The resolutions which the Academy and the Royal So- 
ciety passed wore in blind ignorance of what they were 
doing, without comprehending in the least the nature or 
the importance of the question they were deciding, and 
worse still, as we have already seen, without the knowledge 
pf lEt single principle of truth involved in it. 

* 

It will no longer be a mystery, therefore, that the Quad- 
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ratare of the Circle, which might have been and probably 
was known to the ancient Egyptians, has never been 
reached by the modem geometry of the Greek school, for 
the one plain reason that in the construction of the st/stem 
Usdf aU the elements of the Quadrature were refected^ set 
asidey and left out, 

Bnt it i^ time that the institutions of America should re- 
ply to the Academy of France and the Royal Society of Lon- 
don in terms fitting the tyranny they have so long usurped. 

If there are still those who think the Quadrature a use- 
less question, I would suggest to them that if the study of 
the elements and properties of straight lines and angles 
has been productive of so much knowledge and usefulness 
in the world as we see daily developed in astronomy, 
navigation, works of architecture, engineering, etc., may 
not a still further development be expected from a knowl- 
edge of the properties of curved lines, which are the first 
elements of Nature in the production of shape, magnitude, 
and motion throughout the natural world % 

The Quadrature of the Circle is as plain, as simple and 
comprehensible a problem, when the properties of curved 
lines are considered, as anything contained in Euclid. It 
is simply that the circle and the equilateral triangle (the 
two first shapes produced in Nature) are opposite one 
another in the elements of their construction, and hence, in 
their fractional relations to the square, they are opposite 
one another in ratio of the squares of their diameters. 

John a. Parker. 
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POLAE MAG^JfETISM. 



With the consent of the society, I propose this evening 
to read a paper which I have prepared, on the subject of 
polar magnetism — ^the attraction of the needle to the pole 
— ^the variations of the compass, and the phenomena ob- 
servable as incident to the same. 

The subject stretches over a vast area of natm*al truth, 
and therefore on an occasion like the present I must 
necessarily be very brief on each particular point. I do 
not propose to examine, criticise, or discuss any of the 
written theories on the subject, but to limit myself to my 
own personal observations and reflections, and to draw 
conclusions only from such phenomena as are manifest to 
our vision and sense, irrespective of all previous theories 
and speculations in regard to them. The subject has 
not only a vast scientific importance, but also a great 
commercial value, and it is in this latter connection chiefly 
that, in the first instance, I have been led to consider it. 

Some knowledge of polar attraction is necessary to the 
study of astronomy ; it is of national importance, inas- 
much as the direction of the needle is oftentimes the 
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arbiter of tlie lines and boundaries of our national domain^ 
as it is also of our private estates ; we rely upon it when, 
in traversing the continent, we plunge into the depths of 
the forest, and it is our only safe guide over a trackless 
ocean, through darkness and tempest, to the haven we 
seek. Tens of thousands of lives, and hundreds of mil- 
lions of property throughout the world, are every hour 
dependent on it for safety ; any inquiry therefore into its 
causes, and the laws which govern it, is invested with an 
interest second to no other ; and, notwithstanding this, it 
may safely be said that, in comparison with the whole that 
may be known, very little is at present positively known 
concerning it. 

The existence of polar magnetism was first revealed to 
us by the discovery of the compass. There is some doubt 
as to the exact time of that discovery, but it is supposed 
to have been first put to practical use by the early navi- 
gators in their commerce on the Mediterranean Sea. At 
that time, and long afterward, the needle was supposed 
to tend always toward a fixed point in the north ; and 
therefore, when Columbus undertook his voyage of discov- 
ery, he was greatly surprised and not a little perplexed to 
find that, as he sailed westward, the needle gradually 
changed its direction; and his crew became so much 
alarmed by it, that all the steadiness of mind which that 
great navigator possessed was necessary sufficiently to 
calm their fears to prevent an open mutiny, and thus 
defeat his enterprise. In later times, by the observations 
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of later voyagers, explained by charts, together with im- 
proved instruments for observation, and the means invent- 
ed for determining the variation at any point, navigation 
lias been made quite safe and certain to the careful and 
skilful navigator. But, so far as I am informed, the 
caiLse of these variations of the compass, and the laws 
which govern them, are wholly unknown to science. 

I shall not detain you with a detail of the course of 
reasoning by which I have, in my own judgment, arrived 
at a full conclusion in this matter, but state broadly, and 
at once, what that conclusion is, and then explain some 
of the evidences on which it rests. 

The CAUSE, then, of the variations of the compass, 
which some have supposed to proceed from the oscil- 
lations of the Earth, is, in my judgment, the revolution 
OF THE Magnetic Pole abound the Nobth Pole. 

By the Magnetic Pole we mean that point on the 
Earth's surface within the Arctic circle to which the 
needle points. By the North Pole, we mean of course 
the polar axle of the Earth on which she turns in her 
diurnal revolution. And by the variations of the com- 
pass, we mean the divergence of the needle's point east or 
west, from the true north point, with its variableness at 
different times and in different places. 

The revolution of the Magnetic Pole occurs gradually, 
through a long period of time, and, according to the best 
data which I can obtain, is completed only once in about 
six hundred and forty years. The time may be found to 
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be somewhat longer or shorter when settled by accarate 
observation. 

The exact position of the Magnetic Pole has never been 
accurately known. It is known, however, to be at present 
situated on the North American Continent, in a high 
latitude, and considerably west of the longitude of New 
York. This was made manifest by the observations of 
Captain Boss in his polar expedition. He placed the 
Magnetic Pole in about latitude 70° 30' north, and longi- 
tude 96*^ west from Greenwich. It has changed consider- 
ably since that time, and is at present both farther north, 
and farther west, than he placed it.* 

The variation of the compass from the true north 
point at London or Greenwich is at present westerly. At 
New York it is still westerly in a less degree, and at the 
islands in the Pacific Ocean it is easterly. Now, if the 
accurate variation at each of these points be taken (all 
local attractions being absent), and lines in the direction 

* That Captain Boss did not qnite reach the Pole, is, I think, self- 
evident, because if the eitaation of the Pole had been in 70** 80' north, 
and longitude 96** west, it would have given a greater variation at 
London than existed at that time. But that his was the nearest 
approximation to the truth ever before known, is nevertheless quite 
certain. Almost at the same period of time, Humboldt placed it in his 
estimation in latitude 79 ""north, and longitude 27° west from Green- 
wich. This was certainly veiy far from the truth, as the observatioiis 
of Captain Boss, and all other authentic facts, conclusively show. For 
myself, I am unable to perceive on what basis of known truths Hum- 
boldt could have grounded his opinion. 
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of the needle be produced northerly, they will meet at a 
point not far from 76° north latitude and 118° west longi- 
tude from Greenwich. And that point, wherever they do 
meet, may safely be affirmed to be the present position 
of the North Magnetic Pole. It is not necessary for our 
present purpose that we should fix the exact point, nor are 
the means, at hand to do it if needed — ^it must be done by 
careful and repeated observations at the same time on 
different and widely separated meridians, so as to exclude 
all possibility of error. 

The only point necessaiy for us to determine for our 
present purpose is, to show that which has already been 
shown, viz., that the Magnetic Pole is situated at a con- 
siderable distance from the Korth Pole, and that being 
proved, we must now look for the evidence that it 

BEV0LVE8 ABOUT THB NoRTH PoLE, wWch WO wiU prOCCCd 

to do. • 

In the year 1658, as shown by the records at Green- 
wich, the needle pointed due north from that position.* 
It is, then, certain, that in 1658 the Magnetic Pole was 
situated on the meridian of Greenwich and between 
Greenwich and the North Pole, or, coinciding with the 
North Pole, or in a line beyond it, at 180° west. No other 
supposition is possible. From 1658 the needle began to 
have a westerly variation at Greenwich, which continued 
to increase till the year 1818, a period of 160 years, when 
it had obtained its greatest variation. Now, on the suppo- 

* Brandos DictioDozy of Sdenoe, artide "Magnetism.*' 
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sition of the revolution of the Magnetic Pole, it is evident 
that it would attain its greatest variation when it had 
passed over 90° in the circle in which it revolves, and 
that in its progress of revolution the variation would then 
become less. Accordingly w-e find that in the year 1818 
the westerly variation at Greenwich began to grow less, 
and &om that time to the present has continued to 
decrease, which is in accordance with the necessity of the 
case in the supposed revolution. 

From 1818 to 1868 are fifty years, in which time, sup- 
posing the period of one hundred and sixty years to have 
been the exact time in which the Magnetic Pole, by its 
revolution, passed over ninety degrees of longitude in the 
circle in which it revolves, in fifty years it would pass 
over twenty-eight degrees more, w^hich would place it at 
this time in longitude 118 degrees west, where it is foimd 
to be, as nearly as can be determined.* 

Coming now to the longitude of New York, although 
we have no record here going back to 1658, yet we know 
the fact that the westerly variation is increasing at New 
York, w^hile it is decreasing at London or Greenwich, and 
this also is a necessity of the case in 'the supposed revolu- 
tion ; and if the hypothesis of revolution be true, and the 
period from 1658 to 1818, when it passed from zero to 

^ In placing the Pole at 118° west, I give it the same ratio of pro- 
grress which it appears to have had for 160 years, viz. , from 1658 to 1818. 
But if we oonsolt the present variation as observed at New York, it 
wotQd appear to be not quite so far west, or at about 116' west. 
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its greatest westerly variation at Greenwich, be perfectly 
accurate, then it will continue to decrease at Greenwich 
till the year 1978, when the needle will again point due 
north at Greenwich ; while at H"ew York (longitude 74® 
west) the westerly variation will continue to increase^ and 
will not attain to its greatest point till the year 1950. 
And corroborative of all this, supporting the hypothesis 
of revolution, it is known, that about the year 1790 tlie 
needle pointed due north from New York, as it should do, 
while to-day it has a westerly variation of nearly eight 
degrees, which again is in perfect accordance with, and 
indeed an absolute necessity in, the supposed revolution. 
The period from 1658 to 1790 is one hundred and thirty- 
two years, being the jpro rata time necessary to pass over 
74 degrees of longitude ; and here it will be apparent that 
in 1790, when the needle pointed due north at New York^ 
the magnetic pole was then situated on the meridian 
of New York, and it is now 44 degrees west of it ; thus 
showing the progress of revolution. 

Going still farther west to the islands in the Pacific 
Ocean, we find there, that the variation is easterly and 
growing less, still fully supporting the hypothesis of re- 
volution. 

I will mention but one other fact in proof of ray position. 
Dr. Bowditch in his Navigator mentions, that in 1580 (a 
period 78 years earlier than any yet mentioned) the needle 
at London then pointed eleven degrees amd some minutes 
EAST. The Magnetic Pole must then have been situated in 
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about latitude 76 degrees north and 45 degrees east from 
London, and between that time and 1658 it had moved up 
to the meridian of London. Now, if we add to this the facts 
ab*eady proved, that from 1658 to the present time the 
Magnetic Pole has moved from the meridian of London to 
118 degrees west of it, and having passed over the meridian 
of New York, the proposition, that the Maonbtio Polk 
BBVOLVES ABOUT THE NoETH PoLB oucc in about 640 jcaTs, 
is then, I think, fully demonstrated; and there is nothing 
lacking in the demonstration but the exact time of the re- 
volution, which, as I have said before, must be determined 
by future careful and accurate observation. It no doubt 
may be determined with nearly as much accuracy as the 
periodical return of an eclipse.* 

* The only evidenoe which I haye seen going to disprore my hypo- 
thesis of leyolntlon, is a remark of Dr. Bowditoh in his Nayigator ; while 
at the same time giying some dozen or twenty statements of the yazia- 
tions of the compass at different times and different places, aU of which 
are perfectly consistent with, and oorroboratiye of, the tmth of my 
position. He also says that in 1708 the yaiiation of the compass in 
Massachnsetts (probably at Cambridge) was 8° west — ^in 1742 6° west — 
and in 1780 2° west. This is not possible with the truth of my position, 
and one or the other mnst be in error. If he had said east instead of 
west, it wonld haye been in perfect accordance. It may be an error of 
print, or the difference may haye been caused by local attraction ; but I 
am more inclined to think that the difference arose from the fact that 
the obseryers in these cases reversed thepcHes^ and that their meaning 
was, that the yaiiation of the true north from the needless point was so 
many degrees west. If we suppose this to haye been the case, and that 
the yariations, as we now define yaiiation, were east and not west, their 
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Two other important facts are also proved by what has 
been shown. First, that in 1658, when the needle pointed 
due north at London, the Magnetic Pole was then situated 
on the meridian of London, and between that and the North 
Pole, and not on the opposite side of the North Pole, at 180 
degrees ; and secondly^ that the revolution is from east to 
west. Because, had the Magnetic Pole then been situated 
on the opposite side of the North Pole from London at 180 
degi'ees (and it must have been on one or the other of 
these points), and revolving in the ratio as we have seen, in 
order to produce a westerly variation at Greenwich or Lon- 
don, the revolution must have been from west to east. And 
although in that case the variations at London would have 
been precisely the same as they have been, yet in passing 
over 118 degrees of longitude it would place the Magnetic 
Pole to-day in longitude 62 degrees west, where we know 
it is not, and the variation at New York would have been 
at present easterly and increasing, instead of westerly and 
increasing in that direction as we now know it is. It is 
therefore certain that the revolution is from east to west. 

record would then be in pexf ect oonf onnity with both the theoiy and 
progrefls of revolntion as we have explained it. Snoh a supposition is 
not improbable when we consider that one hundred and sixty jeaxs ago 
the whole subject was but little understood or attended to in this ooun- 
tiy ; and when we reflect that from 1658 to the present time the Hag>- 
netio Pole haa occupied two hundred and ten years in passing from the 
meridian of London to its present position, it could not have been in a 
situation to g^ve a westerly variation at Cambridge in 1708, and the 
foregoing solution of the Gambxidge record is the only one possible. 
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Having now gone bo far, and as I believe demonstrated 
beyond a doubt, the fact of the revolution of the Magnetic 
Pole, the subject rises to a higher sphere, and the ques- 
tions naturally suggested to the mind are, what is Polar 
Magnetism ? and what is the ca/u%e of this levolution ? 

These are lofty questions indeed when we consider 
the source and influence of the things we are to inquire 
about, and they are only to be approached with caution 
and reverence. I will, however, as in the former case, 
answer these questions at once, as I believe to be the true 
solution of them, and then give a synopsis of the reasons 
which direct my judgment to such conclusions. 

I regard magnetism as a universal principle, pervading 
all space, and impressed on all matter, and one of the 
forces employed to regulate and control the universe ; and 
I consider the revolution of the Magnetic Pole as being 
caused by magnetic attraction to ike highest centre or sys- 
tenij to which the Earth in her various revolutions is hn- 
mediateby related. The attraction is from centre to centre, 
and the magnetic needle balanced in its horizontal position 
becomes an indicator only of the line of attraction, and 
directs itself always to that point on the Earth's surface 
which is in a line with the centre ot attraction. There is 
therefore no absolute Polar Magnetism, or Magnetic Pole. 
It is ideal, not real, and like the Earth's axis it is only 
imaginary, but necessary to be considered in order to 
illustrate a truth.* 

* In saying that there is no abeolute polar magnetian, I must be un- 
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I have said that I regard magnetism as a universal 
principle, and I so regard it because it is everywhere 
present in our world — in every place ever visited, in every 
imaginable position, it is there, possessing the same attri- 
butes and exerting the same influence. That which we 
call a " magnet," however, is not magnetism, any more than 
an electrified body is electricity — it is simply a magne- 
tized body or substance, capable only of retaining its 
magnetism for a limited period. Both magnetism and 
electricity are latent and hidden principles in nature, the 
very existence of which is a mystery, and of which we 
know nothing except as we can witness their effects. 
They are natural forces, and although latent in themselves, 
they are yet capable of rising to a force little short of in- 
finite, whenever circumstances combine according to their 
nature to call them into action. They are not the same, 
although they may be different phases of the same princi- 
ple ; but I doubt if enough has been learned of either, to 
justify a decision in that particular. They have many 
aflSnities in common, such for example as the attraction of 
iron — also the power of some bodies to arrest and turn 
away their current, and of others to receive and retain for 
a longer or a shorter period an impregnation of their 
qualities, which is again imparted to other bodies when 
placed in contiguity or brought into contact. The load- 

derstood to mean that there is nothing there, at the Pole, to cause the 
attraction of the needle ; its motion is governed by a higher law, and by 
a force with which the locality of the Pole has nothing to do. 
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Btone is only such a substance, to which magnetism has a 
strong affinity, and which has therefore the power of ab- 
sorbing and retaining longer than any other known sub- 
stance the magnetism it has received. 

Both magnetism and electricity may be excited to 
activity by motion or revolution. Everybody has seen 
electricity excited by a revolving machine, and if you 
stand under a revolving belt in a manufactory, you will 
feel magnetism enough to raise the hair on your head ; but 
no one will for a moment suppose that either magnetism 
or electricity is created by these motions — they are simply 
roused from inactivity, as latent heat is rendered active by 
motion, concussion, or attrition. The difference between 
the two I conceive to be, that the force of electricity is 
eccentric, diffusive, and equalizing ; that of magnetism is 
concentric — attracting to the centre. 

From all the phenomcia which I have been able to see 
or observe, I have come to the conclusion that what we 
call polar magnetism is the result of a magnetic force 
rendered active by revolution. As before stated, the force 
is concentric, attracting to the centre. It is therefore 
centripetal, and, considered as a universal principle of 
nature, it identifies itself with that force which astrono- 
mers call the " attraction of gravitation," a force known to 
exist, but for which no satisfactory cause has ever been 

assigned ; and we are here led to ask, what is that force, 
if it be not magnetism ? By whatever name it may be 
called, we believe it to be the same force which directs 
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the needle to the P.ole, and which we habitually call 
"magnetism." That it is a natural force derived from a 
latent principle, and put in motion by a forward revolu- 
tion, I think fairly deducible from what is well known to 
every astronomer, viz., that the magnetic attraction, or 
"attraction of gravitation," call it by what name we 
please, in revolving bodies is the opposite of that centrifa- 
gal force created by their revolution, amd always equal to 
it And since the motion of the heavenly bodies is some- 
times faster and sometimes slower, as proved by Kepler's 
law, that in passing round their elliptical courses, they 
pass over equal areas in equal times, therefore the centri- 
fugal force created by their motion is sometimes greater 
and sometimes less, which must always be met by an 
equal development of the opposite and concentric force to 
keep the planet in her orbit. And it is well known that 
such development is always obedient to the rate of motion 
of the body revolving. It is evident therefore, I think, 
that the activity of the magnetic force is produced and re- 
gulated by FOBWAKD REVOLTJnON. 

That the attraction of the needle is to the centre of the 
E<arth, I think is shown by a variety of circumstances. 
Firsts the shape of the globe is such that direct rays fall- 
ing upon its surface, necessarily concentrate at its centre, 
and the attracting force would seem to be of that char- 
acter ; and secondly^ if a needle be magnetized in but one 
end, that end will point downward towards the centre, 
though not at all increased in weight ; but if both ends be 
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magnetized, and the needle balanced to a horizontal posi- 
tion, it then points in the direction of a line with the 
fnagnetio current. For the same reason that the attrac- 
tion is to the centre, if a compass be placed near the 
magnetic pole and compelled to keep its horizontal posi- 
tion, it refuses its duty and will turn every way at random ; 
but if left to itself its point tends downward towai'ds the 
centre of the Earth, and this is what is called in naviga- 
tion " the dip of the needle," which increases always as 
you approach towards the Pole. 

From these circumstances it has been sometimes assumed 
that the interior of the Earth is a powerful natural magnet ; 
and even with my theory it is so, though not in the sense 
as has been supposed ; for it will be seen at once that, if 
the attraction were to the centre of the Earth, by a fixed 
magnet, then there could be no change of variation in the 
same locality ; and as we have seen that such change does 
take place, that theory is at once exploded. 

We prefer, then, to follow our own choice, and assume 
that the direction of the needle to the Pole is only an in- 
■dicator of a line of higher attraction ; and that the imme- 
diate motive power is a concentric magnetic force, rendered 
active and mvolved by revolution. Let us see then what 
will be the result. 

We will suppose that the revolution of the Earth on her 
axis is the governing cause, or controlling force, the attrac- 
tion being to the centre of the Earth ; then the needle 
being balanced to a horizontal position, would always, 
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aad in all places, point due north and sonth, in a line 
with the centre of motion ; which it never does, except in 
two places at a time (the antipodes of each other and 
through their lines of longitude) ; and there could then be 
no revolution of the magnetic pole, and no variation or 
change of variation. We must, therefore, look further for 
our evidence in support of the truth of our position. 

Let us suppose, then, that the earth's revolution round 
the Sim is the governing cause, the line of attraction being, 
from the sun's centre to the centre of the earth.* It will 
be seen at once that in the earth's revolution round the 
sun, or with the sun round any other centre, her axle on 
which she performs her daily revolution, does not, and can 
not lie in a line with the line of attraction from centre to 
centre, but must lie at an angle to it. And how is this } 
If we draw a line from the north pole to the south polar 
axle through or over the Atlantic Ocean, and parallel to 

* We make no queatloii here of the laws of grayitation as demoDStrated 
by KewtoxL, or the character or degree of its force, which is always 
directly as the masses of the heavesly bodies, and inversely as the 
squares of their distaaoes ; the only question is the identity of the grav- 
itating force with the magnetism which directs the needle to the pole, 
by whatever name we may designate either. It is worthy of remark 
here, that Mr. Barlow, in his experiments to correct the influience of iron 
in the ship on the oompass,foTmd that the attraction of iron on the mag- 
net was of the same force and character as the '' attraction of gravita- 
tion,'' although he does not appear to have observed it himself. He 
f oimd that a hollow globe of thin iron had the same influence on the 
magnet as a solid globe of the same surface dimensions. In other words, 
he found the attractive force to be directly as the mass, and inversely as 
the square of the distance. 
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the earth's axis, we find that the north magnetic pole lies 
west of such line at an angle to it, and the south magnetic 
pole lies east of such line at the same angle to it, and the 
result so far answers to the theory. But here we meet with 
diflSculty ; for if the earth's revolution round the sun should 
be the cause of polar attraction, the line of attraction being 
at an angle to the earth's axis, then because one body revolv- 
ing about another body also in motion gains one revolution 
of the body around which it revolves, therefore the magnetic 
pole should revolve about the north pole once in every 
year, which it does not. Again, we have another difficulty 
— ^the earth does not revolve about the sun with either pole 
turned towards him ; but the tropical zone is forever tunied 
towards the sun, and never the polar regions ; and the line 
of polar attraction is seen to be at a wide angle to the line * 
of the sun's attraction. Confirmatory of our theory, how- 
ever, there is an inferior polarity in the Indian Ocean, north 
of the equator, sufficient, in passing over it, to disturb the 
needle ; and another in the Pacific Ocean, south of the 
equator, the two at about the same angle to the equator, 
as the north and south poles to the earth's axis. These 
polarities may answer to the sun's attraction, and the two, 
that is to say, the equatorial polarities and the north and 
south magnetic poles, are, as I believe, travelling together 
in perfect unison with each other. The south Pacific po- 
larity was, I think, discovered by Captain Cook, and has 
since its discovery, as laid down by him, moved some twen- 
ty or more degrees west, thus keeping pace with the north 
magnetic pole on this continent. 
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It IS evident, I think, from what has been shown, that 
the north and south are the superior polarities, to which 
all othei's are secondary, because all others are in their in- 
fluence purely local, while the influence of the north and 
south is paramount and universal. 

We must, therefore, look to a yet higher source for the 
origin of that magnetic attraction which shall eaicse the 
revolution of the magnetic poles in the period of time in 
which we have seen that they do revolve.* 

We have already seen that magnetism is a universal 
principle, and one of the forces which nature employs in 
the government of the universe ; we have seen, too, that 
the force which it exerts is centripetal, and identifies itself 
with the force which controls the motion of gravitating 
bodies ; we have seen that the line of attraction from any 
centre around which the earth may revolve must be at an 
angle to her axis on which she daily turns, and that the 
polar attraction is at such an angle ; we have seen that 
if the attraction of the needle to the pole be governed and 
controlled by the attraction of magnetism from a centre 
around which the earth revolves, and such attraction is at 
an angle to the earth's axis, then, that point on the earth's 
surface to which the needle is directed, and which we have 
called the magnetic pole, shall revolve about the north 
pole in the same time iu which the earth revolves about 
the governing centre of attraction; and we have seen that 

* The North and South Poles revolye together, each being always 
opposite to the other, and at an angle to the Earth^s axis. 
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the magnetic pole does revolve about the north pole once 
in about six hundred and forty years, taking the period of 
one hundred and sixty years to be accurate, in which it 
has been seen that ninety d^rees of the revolution has 
been performed. 

All these conditions are necessary to the truth of our 
theory (and more might be both cited and proved), and 
they are conditions, all of which we have seen to exist ; 
and one of these conditions, viz^, the revolution of that 
subtile influence and immaterial point which we have 
called the "magnetic pole," could not exist or be per- 
formed by any other means than the magnetic attraction 
to the centre around which the earth revolves. 

Our limited astronomy has given us the data of no 
higher revolution of the efti*th than that around the sun, 
although it is inferred from the order of things that she 
may revolve in company around a higher sphere, and to 
that we must look for the attracting force that will fulfil 
the necessity of the case. I shall here be found tres- 
passing slightly on some of those creations of astrono- 
mical science which imagination has built on too slight 
foundations of truth, and which time will, I think, 
sweep away by discoveries in revolution as simple as 
that which swept away the ancient systems of astron- 
omy from the faith of mankind. The simple turning 
of the earth on her axis was found to perform all 
those wonders, and account for all the phenomena, 
which men's minds had for centuries supposed employed 
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V 

the might of Heaven to move the whole universe around 
ns for the accommodation of light to our comparatively 
little world. 

The earth, we know, i& balanced within a planetary 
system, revolving about the sun in perpetual order. We 
most then admit one of two things, to wit : That either 
the sun, with his system, revolves about another and a 
higher system, which is beyond our power of immediate 
observation ; or, that the sun is fixed in the centre, and 
that his system embraces the whole visible and invisible 
heavens — ^which we have good evidence that it does not. 
The supposition is contrary to reason, and contrary to the 
order of revolution. We therefore assert, as a necessity, 
that the sun, with his system, revolves about another and 
a higher system, carrying the earth with him in the same 
manner as the eartli revolves about the sun, carrying the 
moon with her. This is not a disputed proposition, and 
I only state it in this form to connect the thread of my 
argument. 

The fact being admitted, it is reasonable to conclude 
that this is the highest revolution or source of magnetic 
attraction to which the earth — separately considered — is 
immediately related. First, because the attraction will 
necessarily be from system to system ; and, secondly, be- 
cause the earth being situated in the midst of the solar 
system, a part of it, and only a point in it, the line of at- 
traction would be always nearly the same ; or if affected 
at all by any other revolution, in a planet of the earth's 
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magnitude relatively to these great systems, the effect 
would be a scarcely perceptible vibration. * 

If these premises be all true, then it will follow that 
what we call the magnetic pole shall revolve about the 
polar axles of the earth in the same time in which tlie 
earth moving forward in company with the solar system 
performs a complete revolution relatively to that system 
around which the sun himself revolves. Let me not be 
misunderstood ; this is not the sun's period ; that of course 
is very much greater. The earth is only a satellite of the 
sun, and in the revolution of which we speak she has but 
repeated exactly, but on a grander scale, the same phe- 
nomenon which our own satellite, the moon, performs 
monthly ; accompanying the earth in her orbit, at the re- 

*I haye not tune or room here to attempt the demonstration of 
the truth, but I have no doubt whatever that, although the higher 
revolution is the goyeming cause of all, there is yet ^a daily and 
a yearly revolution which it would not be difficult to trace. Dr. 
Bowditch mentions a daily vibration (which is no doubt a. revolution), 
amounting to some minutes of a d^;ree, aad I recollect that a few years 
since the same thing was observed by M. Leverzier, Director of the 
Observatory at Paris, which for want of another reason he ascribed to 
ezpoDsion by the sun^s heat ; but although magnetism is more or less 
intense in a high or low temperature, I cannot accept this as a sufficient 
cause for a change of variation. It may be caused by the sun^s at- 
traction, he being sometimes east and sometimes west of os ; but the 
return of the needle during the night to its position of the previous 
day is too gradual to be caused by temperature alona The yearly rev- 
olution, when traced out, will, I think, explain satisfactorily why the 
motion round the great circle is sometimes faster and sometinkes almost 
stationaiy, or even sUghtly retrograde. 
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turn of every full she has performed a complete revolution, 
relatively to the sun^a cent/re^ around which the earth her- 
self revolves. So also the earth, moving onward in com- 
pany with the solar system, performs a complete revolu- 
tion, relatively to that centre around which the sun revolver 
in his orbit. We have seen that the magnetic poles (for 
the north and south poles revolve together) perform a 
complete revolution round the north and south polar axles 
of tlie earth once in about six hundred and forty years, 
and hence we infer that in the same period of time, the 
earth, still keeping her place in the solar, system, per- 
forms a complete revolution relatively to another and 
higher system around which the sun himself, with all his 
attendant train, revolves. This revolution is accomplished 
by the simple fact that, because the sun is in motion in an 
orbit, therefore the earth, in her yearly revolution around 
his centre, performs more than a complete revolution of 
one primary circle in space ; and consequently, in a series 
of revolutions round the sun, gains one complete year rela- 
tively to that centre around which the sun revolves. It is 
a demonstrable truth that every period of time marked by 
the revolution of the heavenly bodies is greater than one 
primary circle, for the reason that each and all of the 
heavenly bodies are themselves also in motion. Our 
theory then is seen to be that the magnetic attraction to 
that high centre is the force which directs the needle to the 
pole — that our revolution around that centre is the cause 
of the revolution of the so-called magnetic pole, which last 
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is again the cause of the variations of the compass. The 
reasons given for the truths shown are sufficient for the 
eflfect — the effect is purely mechanical and plain to the 
sense ; in harmony with the mechanism of the heavens and 
the order of revolution, and, until a better reason is 
shown, I am compelled to believe in its entire truth. * 

The cause of gravity has never yet been explained or 
understood, notwithstanding that much is known of the 
laws which regulate it. Newton discovered that a fall- 
ing body was governed by certain laws, and that these 
laws were applicable to the motions of the heavenly 
bodies, and this he called gravity, or the " attraction of 
gravitation." But neither he nor any one else, that I am 
aware of, ever explained in any satisfactory manner, even 
to himself, the cause of this gravity. But if my positions 

* In limiting the period of the revolution to 640 years or there- 
abouts, it will be observed that the oorrectness of that period de- 
pends entirely on the accuracy of the observations and record of the 
variations of the needle from time to time. And as a consequence 
of the sensitiveness of the needle to diverting causes from local 
attraction, and the slowness of the motion, which renders it difficult to 
note the exact period of its passage of any particular meridian, together 
with the probable imperfection of the instruments in early use for ob- 
servation, on which the records depend, even if all we have here said 
be perfectly true in principle, the actual period when found may prove 
to be somewhat longer or shorter than the period here named. Astron- 
omers have suggested an indefinite i>eriod of six or seven hundred 
years, which I have sometimes seen mentioned, and which marks an 
epoch with them. They may, perhaps, find little difficulty in hormo- 
niring it with this revolution. 
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be true, it will appear that one law governs polar attrac- 
tion, centripetal force, and the gravitation of bodies, viz. . 
a latent magnetism set at liberty, rendered active, and in- 
volved by a forward revolution. 

The earth attracts all bodies to its centre, and a stone, 
because of its greater density, will fall quicker through 
the atmosphere than a feather; but I regard density as 
only an element of velocity in overcoming the resistance 
of a medium, and the atmosphere being withdrawn, the 
feather, attracted by the magnetic force, will fall as quick 
as a stone.* 

There is one other result that must follow the truth of 
my hypothesis, too important to be omitted here. 

It is w^ell known that the motion of any body revolv- 

* The subtdlty and force of magnetism was illustrated by Laplaoe, 
under the name of gravitation. He says, ^^that if a new planet were 
thrown into space, it would instantly feel the force of attraction from 
snrromiding bodies whatever tiieir distance, and the velocity of that 
force, from one body to the other, wotdd be many million times greater 
than that of light ; " bnt I am not aware that he eyer associated magne- 
tism with gravitation, or treated of it as a universal principle and an 
active force in nature. Certainly he never considered the two as iden- 
tical. Most of the inquiries of scientific men into the principles of 
magnetism have, as I believe, been expended in experiments on mag- 
nets, instead of mcLffnetism. I can veiy well believe Laplaoe as to the 
velocity of magnetic attraction. We have an example of velocity in 
the Atlantic Oable. The electzic influence is computed to have jjassed 
over a distance of 2,000 miles in -f^'^ of a second, — ^but even that time 
was probably CTiployed by the thought of the observer in marking the 
time, and the electric current passed in no appreciable space of time. 
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ing about another body, also in motion, is necessarily spiral, 
and therefore the motion of the magnetic pole, revolving 
about the north pole, and being governed and controlled 
by the attraction of a body in motion around which the 
earth is revolving, shall also be spiral, never returning to 
exactly the same point. And hence because one law and 
one force governs both the motion of the earth and the 
revolution of the magnetic pole, therefore the polar axle 
of the earth shall change its position with every revolution 
of the magnetic pole, in such manner that the present 
poles of the earth's axis, in her diurnal revolutions, wiU, 
or may, at length reach the present line of the equator, 
and the equator will then become the poles ; and thus the 
idea suggested by geology, that the present poles of the 
earth have, at some time of the earth's existence, been an 
equatorial region, becomes a problem solved, and reduced 
to a simple and undeniable truth. Not a doubt exists in 
my mind that such has been the fact and will be again ; 
and I am not less satisfied that the Glacial theory of Pro- 
fessor Agassiz, so far as the fact is concerned, that parts of 
our own land, and of others in Europe and elsewhere, 
have at some time been the country of glaciers, is no 
longer a speculative idea, but a TruLthematicaUy derrum- 
strahle truth* 

* There is a truth known to astronomera, which I think gttongly con- 
firms this point of my aigxunent. It is this : In the longitude of Athens 
it is known that the sun in Cancer does not come so far north, by nearly 
a degree, as it did two thousand years ago. Astronomer^ have inferred 
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The early system of astronomy was, I think, incompe- 
tent to the solution of a question like the revolution of the 
solar system; and modern astronomy has done so little 
towards it, that it must be considered as yet open to 
examination and argument. I have hope, therefore, that 
the suggestions here made may prove a step towards a 
more perfect knowledge of it. 

Tears ago, when I first thought of the subject here 
treated of, it was only in relation to the variations of the 
compass as observed at sea, and its practical application 
in commerce and navigation. But I perceive that I have 
risen to much higher themes, and perhaps some may say, 
meddled with things too high for me ; but I am unable to 
perceive that I have at any time gone beyond a just 
inference from the truths shown. 

The simplification of the vast speculative ideas of geolo- 
gists and others, which this examination has suggested 

therefrom that the tropics are narrowing, and the earth consequently 
is drawing nearer to the snn. Bat this I think is a mistake, and that 
the phenomenon mentioned proceeds from the diange in the line of the 
equator, as I have explained it ; and that if we had had the opportu- 
nity, two thousand years ago, of observing south on the meridian of 
Athens, it would then appear that Capricorn has receded south to the 
same extent as Cancer, and vice versa at the Antipodes. It would also 
depend on what distance the meridian of Athens may be from the point 
where the former line of the tropic would bisect the present line, 
whether on some other meridian, distant from Athens, the sun's reces- 
sion may not have been much g^reater than is seen at Athens. But fox 
all eridenoe of this kind, the observations of astronomers are totaUy 
wanting. 
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to my mind — my thorough conviction of their essential 
truth, and that the truths here shown may be availed of 
for the increase of knowledge and the improvement of 
science, are my reasons for making public my reflections 
on these matters. I submit them to the fete which future 
developments may award to their truth or falsity. 



NOTES BY THE AUTHOR. 



I EE8PE0TFULLY desire the reader of the foregoing to 
regard the subjects treated of, as in two divisions. ' 

First. — The revolution of the magnetic pole round the 
north pole, which is based on observations of known data, 
and of record ; and if the record be true, there can be no 
difference of opinion about the result. It is of itself^ 
independently of what follows, a truth of the highest 
importance to science. 

Seoondi-y. — The origin and nature of polar magnetism, 
and the catcse of the revolution of the magnetic pole. 

This part of my subject is based on reasoning from 
natural laws, and the conclusions are the inferential con- 
sequences of such laws. It is, therefore, more open to 
criticism than the first division ; but the only debatable 
question is, do the reasons sustain the conclusions? If 
they do, that ends the discussion, till other and stronger 
reasons are opposed to it. 

On page 26, I have asserted the gradual changing of 
the poles of the earth, " in such manner that the equator 
may at length become the poles." It is not probable 
that in the progress of such change, the north pole, for 
example, can move southward, in any direct line. That 
alsp may revolve, and perhaps surround the globe spi- 
rally, following the plane of the ecliptic, and to that 
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opinion I am inclined, as the most natural, and the me- 
chanical result of the force exerted. 

Astronomers have observed some change in the poles 
of the earth, relatively to the north star, but I am not 
aware that they have considered it as an actual change of 
the position of the pole itself, and without that, their 
efforts to account for the geological formations, and the 
glacial epochs, are, to my mind, unnatural, laborious, ex- 
ceedingly complex, and wholly ivmiffioient. 

It has been suggested to me, that my assertion that 
"there is no absolute magnetic pole," and constantly 
treating it as real, is contradictory and unintelligible ; and 
I admit that it requires a better explanation than has yet 
been given. It is unfortunate for us, that to make our- 
selves understood we are obliged to use the imagery of 
material things to express an idea of immaterial things ; 
magnetism and electricity are without the pale of matter 
such as we can comprehend, and therefore, to describe the 
subtile and peculiar influence concentrated at the magnetic 
pole, we must help our thoughts by a figure. I would de- 
scribe the magnetic pole then, not as a moving point, but 
as a focus of mingling rays, the centre of which is the daily 
revolution. If we could be present at that centre we 
should neither see nor feel anything different from what we 
do here, but the magnet would be sensitive to any ap- 
proach to it, and probably feel its influence far off, like the 
gravitating force of water on its approach to the Mael- 
strom. 

In a foot note, page 22, 1 have said that I have no doubt 
but there is a daily revolution of the magnetic pole, which 
has been considered by astronomers as a mere vibration, 
caused by expansion from the sun's heat. But let it be 
underi-tood that it is a revolution as wc have explained it, 
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and caused by the revolution of the earth on her axis. It 
will be recollected that while the earth turns round once 
on her axis, she at the same time moves forward more 
than one million six hundred thousand miles in her orbit. 
Now if we can determine or assume the diameter of this 
daily revolution, or breadth of the vibration, whichevei 
we please to term it, it is a basis for calculating the dis 
tance of the attracting force which governs* the revolution. 
And the distance of the attracting force, which is such as 
to reduce the angle, which has over one million six hun- 
dred thousand miles for its base, to a few minutes of a de- 
gree on the earth's surface, is thousands of millions of miles 
from us; and, incomprehensible as it may seem, that dis- 
tance may yet be known. 

The idea is attributed to Sir David Brewster, that 
" magnetism is most intense in a low temperature." That 
is, no doubt, quite true by itself, and yet, the truth may 
reach much farther than that. What if it should be found 
that variations in the intensity of magnetism are the 
cause of changes of temperature 'i There is much reason 
to suspect that to be the case. It is seen that the tempe- 
rature on the northern part of this continent, where the 
magnetic pole is at present situated, is subject to greater 
extremes than on the shores of Europe, or the coast of the 
Pacific in the same latitudes. I have reason to believe 
also, that the Polar Sea is more open by an eastern route 
round the North Pole, than by the route of Hudson's or 
BaiBn's Bay, and next to my surprise that the voyage 
round the pole should ever be undertaken, is, that it 
should not be undertaken by the eastern route or by 
Behring's Straits. Four hundred yeai-s ago, when .the 
magnetic pole was situated on the opposite side of the 
North Pole from Greenland, history tells us that that 
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country was literally a green land. Since that time the 
magnetic pole has passed near to or over its northern por- 
tion, and it has become a country of ice and snows. The 
south magnetic pole is situated in about longitude 62*^ 
east (opposite the north), and if I am not mistaken, in 
that region, the barriers of ice obstruct the southern pro- 
gress in a lower latitude than in other parts of the South- 
ern Ocean. These things are highly worthy of a careful 
investigation by the learned. 

A friend of very acute perceptions, and who has taken 
a great interest in the problems which I have endeavored 
to solve, asks me the question, " What will you do with 
the flattened poles of the earth, — does the earth change 
her shape witji the changes of the pole ? " 

The question is pertinent and of force, and if required 
to answer it, my answer for the present would be this : 
Admitted that the poles are really flattened as they ap- 
pear to be. It is kno\vn that both the north and south 
poles are situated in the midst of a wide and deep sea. 
The breadth of these seas is such that, admitting the 
tnith of my hypothesis, the poles must have been within 
their area for many centuries past, and will continue to 
be so for many centuries to come. Let us suppose tliat 
the extreme radius of the flattened surface is fifteen de- 
grees of the earth's surface on all sides of the pole ; at 
that distance from the centre (the polar axle) the velocity 
of the earth's revolution on her axis will become such, as 
may tend, by its centrifugal force, to raise the surface of 
the water, or so to lessen its gravity towards the centre 
of the earth as to raise the surface somewhat. By a natu- 
ral consequence, this force will increase towards the equa- 
tor till you reach that point, or the greatest diameter of 
the earth east and west. By the same natural conse- 
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qucnce, the centrifugal force will diminish as, from the 
radius of fifteen degrees distant, you approach the pole, 
where the centrifiigal force is entirely lost. The water at 
the poles, then, being undisturbed in its gravity by the cen- 
trift^al force, will press outward from the centre and the 
poles become flattened. I see notliing irrational in this 
supposition ; and it will be obvious at once that when the 
poles shall have passed over these seas, and be centred on the 
firm continents, the waters will assume their even gravity, 
and the earth assume her perfect globular shape. 

Or, if this reason is not satisfactory, perhaps it may be 
thought to be a tidal influence, caused by the attraction 
of the sun and moon, which gathers the waters towards 
the equator, and draws them away from the poles ; the 
eflfect would still be the same in causing the flattening of 
the poles, and restoring the earth to her globular shape, 
when the poles have passed the area of the wide seas in 
which they now exist. 

There ai'e many evidences to show that the waters of 
the Atlantic Ocean, and of its bays and sounds, are fuller 
now tlian they have been at some other time long past — 
such as the washing away of the headlands and islands of 
our sea-coast. Witness the northern shore of Long Island 
and the numerous bluffs now half sunk in the Sound ; 
witness the numerous islands in Massachusetts Bay and 
their steep crumbling sides and diminished areas; go 
across to the British Channel and examine the Clifi^s of 
Dover and the bottom of the sea around them, and abundant 
evidence may be found, both that many centuries have been 
employed to undermine and pull down their lofty crests, 
and that time was when they were not so as they are at 
present, and when the sea did not reach their base. There 
is a blufi^ on my own farm on Long Island sixty feet high. 
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which has been washed away full eight hundred feet in- 
land, and the boulders have fallen down, and are now 
covered with the tide. Once or twice every year the 
storms and high tides rise up over the beach and lap up 
and caiTy away a furrow at its base, which is filled up again 
by the washing of the rains, the same to be repeated year 
after year. At the rate the process is now going on, say 
about two inches of the whole face yearly, it would occupy 
four thousand eight hundred years to accomplish what has 
been done, and examining the channel outside of it, I 
would say that the water is now twelve or fifteen feet higher 
than it covM ha/ve been when the headland was perfect. 

The problems of new and exceeding interest which 
would result from the acceptance of the truths which I 
claim to have demonstrated, would be, I think, almost 
without bound ; but I must leave them to those whose 
leisure and legitimate pursuits will allow them to follow 
out in minute particulars that which I have only sought 
to grasp as a whole. 

John A. Parker, 
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In a paper published by me, as read before the Society 
of the American Institute in March last, on the subject 
of Polar Magnetism, I showed, from the records of the 
variations of the compass for nearly three hundred years 
past, that the Magnetic Pole, in its movement westward, 
had in that period passed over more than 160 degrees of 
longitude in its revolution round the North Pole or Geo- 
graphical Pole of the Earth. ' 
The reasoning on this subject appearing to be con- 
clusive, that the Magnetic Pole revolves about the JJforth 
Pole, we were naturally led to the inquiry. What is 
Polar Magnetism ? and what is the cause of this revolu- 
tion ? Those who have read my published paper on this 
subject with care, will know that our solution of those 
questions was in effect : that the forces of magnetism and 
gravitation are identical, — that the force which directs 
the needle . to the Pole is wholly astronomical, — that the 
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Bource of the governing attraction is from the highest 
centre to which the Earth in her various revolutions is 
immediately related, — that the revolution of the Earth 
relatively to that centre is the cause of the apparent revo- 
lution of the Magnetic Pole, — that the period of the 
revolution, as indicated by the recorded variations of the 
compass, is about 640 years, more or less, to be deter- 
mined, — that the Earth in that period, as a satellite of the 
Sun, performs a revolution round the Sun relatively to 
the central point of the Sun's orbit, exactly similar to 
that which our own satellite, the Moon, performs in her 
synodical period, in which she revolves about the Earth 
relatively to any given meridian, from opposite the Sun's 
centre (the central point of the Earth's orbit) to opposite 
that centre again. 

These are our main positions, which we are bound to 
prove by direct and unequivocal evidence, and also to 
defend and sustain against all contrary evidence which the 
ingenuity and skill of scientific men may bring against it. 

If these things shall prove to be true, a Reviewer has 
said, " they will rank among the most daring and felici- 
tous in the annals of scientific discovery ; " and if I may b6 
allowed the expression of my own judgment in the mat- 
ter, taken with all their adjuncts, they will prove as useful 
for the extension of knowledge as any scientific discoveries 
ever made. 

Before we proceed further, however, to illustrate and 
prove our own theorj',. it may be well to examine the 
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position which the science of the schools at present occu- 
pies on this subject. We shall do so disembarrassed of the 
technicalities with which scientific men have surrounded 
the general subject, and wliich, as 1 believe, are a bar to 
their own progress and discovery. It must be recollected, 
however, that we are not discussing the general princi- 
ples of magnetism, or its abstract quality, nor the par- 
ticnlai" properties of magnets, or the numerous experiments 
to wliich they have been subjected, and which have occu- 
pied so large a share of the attention of scientific men ; 
our subject limits itself and all inquiry to that paramount 
law, which, local and disturbing influences apart, at all^ 
times and in all places claims the direction of the needle 
to the Pole. We must therefore confine our remarks to 
what is at present understood in the schools in respect to 
this branch alone of magnetic phenomena. 

From the earliest date of discovery of any change in 
magnetic attraction, it became a subject of inquiry by 
what law these changes were governed. For a very long 
time knowledge was confined to the observations of a few 
individuals in limited spheres; and these served little 
purpose except to establish the fact that changes were 
taking place, but without being able to assign any reason 
for it. Explorers and navigators finally became the larg- 
est contributors to the knowledge of the world on this 
subject. By visiting almost every accessible part of the 
globe, and reporting their observations at home, a vast 
amount of facts were furnished for the use of investiga- 
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tors ; as these discoveries increased, the manifest impor- 
tance of the subject enlisted the aid of governments in 
the interest of the schools, and the last half century has 
witnessed a more extended effort than ever before, if pos- 
sible to discover the laws of polar attraction. For this 
purpose the observations of all time have been brought 
together, and the minds of eminent men have been en- 
gaged, to see what results could be obtained from the facts 
thus collected. 

These results can be soon stated. It has been dis- 
covered that there is a line surrounding the globe, bi- 
secting the terrestrial Equator at an angle of twelve or 
fourteen degrees, which they have called the Magnetic 
Equator. It is that line where the needle has no inclina- 
tion or dip, but rests perfectly horizontal. It requires the 
minutest possible observation to be able to locate it within 
a degree or more of latitude. 

As at present indicated, it passes over the wide conti- 
nent of Africa where no observations at all have been had. 
It passes over the widest portion of South America, where 
very few observations have been had, and it passes over the 
kingdom of Siam and the Island of Borneo, where there 
have been no surveys at all. To supply the deficiency of 
observations over all these regions and wide intermediate 
tracts of ocean, other means were resorted to in their 
endeavors to locate the Magnetic Equator throughout. It 
was discovered that the inclination or dip of the needle 
increased in nearly a regular progression as we proceed 
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northward from the line of the Equator towards the Mag- 
netic Pole, and this fact was made use of with apparent 
good judgment to assist in determining the locality of the 
Magnetic Equator, and consequently also of the Magnetic 
Pole. But when, by careful calculation from all the pre- 
mises and ascertained facts at hand, the Equator was 
supposed to be determined, it was found to be no Equator 
at all — that it was wholly irregular and without sym- 
metry, and lience of no use whatever in determining any 
truth relatively to itself or to the Magnetic Pole. Nothing 
discouraged however by the want of success, the eminent 
men and scliolars engaged in the work have enlarged their 
labors — they have collected together all the observations 
made to this end in every part of the world, both those 
which are recent and for a long series of years past — they 
have divided the globe into eastern and western hemi- 
spheres, in reference solely to the east and west variations 
of the needle, and they have covered the globe as it were 
with the lines produced from the observations so collect- 
ed — but all without success to discover a law which should 
govern polar attraction and thus point to the Pole itself. 

The same course of reasoning is still being pursued, and 
scientific men in Europe and America are engaged in 
collecting new observations, and drawing lines as deduced 
therefrom; — lines of declination, of inclination, and in- 
tensity — lines parallel, convergent, and divergent — lines in 
fact of every imaginable name and description, with a 
view to determine accurately the position of the Magnetic 
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Equator at any given time with its corresponding Pole, 
and the laws which govern their changes as observed from 
time to time : and I need not say that all this has been 
without success for the objects intended. The only posi- 
tive knowledge which these exertions have given ns, is a 
knowledge of the facts which explorers have communi- 
cated, but with no law whatever to govern them ; — no two 
theorists agree in their results. Humboldt, who may be 
supposed to have been among the most learned in theory, 
placed the Magnetic Pole by calculation in latitude 79^ 
north and 27° west, almost at the same time when Koss 
found it by practical observation to be situated approxi- 
mately in 70i° north and 96® west. Where there is so 
great a discrepancy between fact and theory, there is 
necessarily a fundamental error either in the theory itself 
or in its manipulation. 

Whatever of truth and sound reason there may be 
in the use made by scientific men (and there is, no doubt, 
very much of both) of the facts in their possession in this 
regard, their inevitable failure from inherent causes to 
arrive at true results is, I think, manifest. 

First. — ^Because the facts from which they reason, for 
want of means to distinguish, necessarily include the dis- 
turbances due to the sensitiveness of the needle, but which 
do not belong to the law of polar attraction. 

Second. — The changes going on are such that, with 
their method of applying facts, that which was true a year 
ago is not true at the same point to-day. 
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Third. — Many, and indeed most of the facts collected 
together, and which form the material of their work, are 
facts detennined by observations made by different persons, 
and at different times, so wide apart, that although all of 
them were perhaps true at the time and place of observa- 
tion, yet only one of them could be true at the same time, 
and not one of them is exactly true to-day. 

FourtK — ^It is self-evident, I think, that no true result 
can ever be arrived at by the method of imaginary lines, 
unless the facts on which such lines are based could be de- 
termined in all parts of the world at the same time, which 
has never been done and does not admit of a possibility. 

In all the experiments of scientific men, they have 
regarded the Earth as the source of magnetism. Not a 
lialf century ago, many of them considered the centre of 
the Earth as a fixed magnet, and all magnetic influence 
was referred to that cause ; but the changes observed con- 
tradicted that idea, and they have latterly imagined mag- 
netic veins running through the Earth, which they have 
endeavored to trace by lines drawn upon its surface. 
To account for the changes going on, these veins have 
been supposed to be shifting, so as to accommodate the 
veins to the changes. Some have gone so far as to 
imagine a constant circulation of the molecules or atomic 
principles composing the Earth, thus producing the changes 
of the magnetic tendency. The celebrated Arago treated 
this idea with seriousness. 

It has been observed that temperature, the aurora bore- 
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alis, and other natural phenomena, have an influence on 
the magnet, and it is doubtless true ; but these influences, 
being a part of the general law of magnetism, they do not 
touch that paramount law wliich claims the direction of 
the needle as soon as these influences are removed. 

The Sun's heat is supposed to cause the daily vibration 
of the needle — the periodical return of spots on the Sun 
have been supposed to have an influence on the declination 
of the needle, and some one has suggested that the Moon 
has such influence also, but by no one, before myself, has 
it ever been advcmced that the cause of polar attraction is 
w/toUy astronomical. 

I have thus given as full and time a statement of the 
condition of science in the schools on the subject of polar 
magnetism as our limited time and space will permit. I 
would remark that revolution as a cause or accompani- 
ment of magnetic attraction was not heard of among 
them till since the publication of my pamphlet in March 
last. Since that time the ComhiU Magazine of June, the 
Scientific American of October, and SUliman's Journal 
of November, have each of them published an article 
indicating revolution, but without any acknowledgment 
of my paper, though it was sent to all of them. 

We now turn to our own hypothesis, as explained in the 
opening paragraph of this paper : 

In all inductive reasoning on physical laws, there are 
truths in nature which may be laid down as axioms, from 
which the reasoning admits of no departure, and I there- 
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fore here lay down as axioms — First^ that the laws of 
mechanics are the laws of nature. Second^ that the 
construction of the universe, and the relations of the heav- 
enly bodies to each other, and of our Earth to them, i» 
Nature Jiersdf^ and consequently in the relations of the 
heavenly bodies to each other, and of our Earth to them, 
we shall find the perfection of all mechanical laws. I 
think there can be no objection to these principles. 

The question has been asked me by some intelligent per- 
sons, whose perceptions were not quite clear on the sub- 
ject, " by what mechanical process the revolution of the 
Mixgnetic Pole around the North Pole can be accomplished 
by astronomical attraction ? " I will tlierefore give an 
ilhistration, which I have given before at a private reading 
of my firet paper on the subject, and which I think ex- 
plains it. 

Let us suppose that the globe before us is transparent in 
such a way as to admit a line of light passing through it. 
Let us then suppose that a single ray of light, emanating 
from some distant centre, shall strike the globe at twelve 
or fourteen degrees from either Pole, and passing through 
the centre of tlie globe at an angle to its axis in a line to 
the opposite side. It is seen that the ray of light will 
make a point on either side of the surface of the globe, 
each at the same distance from the geographical Poles, but 
at opposite angles to the globe's axis. Now let the globe 
revolve eastward on its axis : it is seen that the ray of 
light is stationary, but the points of light on the surface 
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appear to revolve westward, while the globe is revolving 
eastward. 

Now if jOM let the ray of light represent the line of 
attraction from the great centre around which onr hypoth- 
esis assumes that the Earth is revolving, you will have a 
perfect mechanical idea of the revolution of the Magnetic 
Pole around the geographical Pole, caused by astronomi- 
cal attraction, with this difference only, that whereas the 
ray of light appears to revolve with each revolution of the 
Eai*th on her axis, the Magnetic Pole only revolves in 
that period of time in which the Earth gains one complete 
year in moving eastward round the Sun, just as we gain one 
entire day when we travel eastward round the Earth, and 
just as the Moon, in moving eastward round the Eai'th, 
gains one revolution of the Earth on her axis, and just as 
the Earth, in moving round the Sun from opposite a fixed 
star to opposite that star again, gains one sidereal day. 

Now let us observe that if the cause of the revolution of 
the Magnetic Pole be such as I have described, viz., attrac- 
tion to a higher centre relatively to which the Earth is revolv- 
ing, then because the Earth moves eastward on her axis and 
in her orbit, therefore, by the mechanical law which is our 
axiom in the case, the apparent revolution of the Magnetic 
Pole SHALL BE WESTWARD — and that the Magnetic Pole is 
known to have been moving westward for nearly three 
centuries, is a positive proof as far as it goes of the truth 
of our hypothesis; whereas if the Earth be the source 
of magnetism, as the schools teach us, this effect would be 
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mechanically impossible. This is one of the many phe- 
nomena that confirm the truth of our theory, and we may 
safely ask the question, can anything be shown to the 
contrary sustained by an equal mechanical test of its 
truth ? 

The irrefi^ularities heretofore observed in the variations 
of tlie needle (and I would include inclination with decli- 
nation) which have baffled inquiry, and led to the conclu- 
sion by many, that it was not governed by any law 
definable by reason, are, in my judgment, when examined 
upon their merits and aside from local and disturbing 
causes, a perfect evidence of the revolution of the Mag- 
netic Poles, their equable motion through space, and the 
astronomical influence controlling their apparent motion. 
I will mention a few facts illustrative of that view, and 
in doing so I will keep to the axiom of mechanical truth 
and necessity. 

London is situated in latitude 61*^ north, and the pre- 
sent declination of the needle there is about 20J° west. 
The Island of New Nantucket or Baker's Island in the 
Pacific is in longitude 176^ west, nearly on the opposite 
side of the globe from London, and in latitude 13^80'' 
north, — the variation or declination there in 1866 was 
9^30' east, or less than half that at London. Why then, 
being so nearly on the opposite meridian to London, has 
it not the same amount of variation east that London has 
westerly ? Chiefly for the reason that being farther south, 
if Si circle be described from each centre (London and 
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Baker's Island) through the Pole, the radius of the circle 
described from Baker^s Island is more than twice as long 
as that described from London, and the length of a d^ee 
in the circumference of such circle is more than twice as 
great, and consequently, the Poles being nearly fixed 
points, the variation is less than half as great at Baker^s 
Island as at London. 

Again, we suppose the Magnetic Pole to revolve in 
about 76° north. London is situated in 51° north and 
Kew York in 41° north. We at New York are therefore 
more than one-third farther from the line traversed by the 
Magnetic Pole than London is — consequently, for the rea- 
sons explained above, the variation or declination at New 
York can never attain to a greater amount than some- 
thing less than two-thirds of the greatest variation observed 
at any time at London. 

The greatest westerly valuation ever observed at London 
was in about the yeai' 1818 equal to 24^° — the greatest 
therefore it can ever attain at New York will not exceed 
about 15 or 16° west. But if we move northward on the 
meridian of New York to the latitude of London, the 
variation there (local causes aside) will always be precisely 
the same as at London whenever that point stands in the 
same position as London relatively to the Magnetic Pole, 
and will attain to the same extent as the greatest observed 
at London (24jt°) whenever the Magnetic Pole shall reach 
the meridian of 90° west of it. 

Again, it will be evident that although the Magnetic 
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Pole moves through its orbit with a nearly equal motion 
(and entirely so except the small daily and yearly revo- 
lution), yet the variation of the needle changes much 
more rapidly at some times than at others at the same 
point, and very unequally at different points at the same 
time. The cause is easily seen. — Whenever the Magnetic 
Pole is on any particular meridian, as of London for ex- 
ample, it moves almost at a right angle to that point, and 
the variation increases rapidly ; but before the Magnetic 
Pole reaches the meridian of 90^ from the point of starting 
it moves at an angle so small i*elatively to the point of 
observation, that any increase of variation is scarcely 
perceptible, and as the change of variation becomes slower 
at London it becomes faster at New York. We have but 
to trace the motion of the Poles on the lines of the globe 
to have ocular demonstration of all these truths. 

Similar apparent discrepancies exist in regard to in- 
dination as well as the ** variation" or declination, and 
from not dissimilar causes. 

It has been quoted to me for example that my theory 
of the revolution of the Magnetic Pole cannot be true, 
because from the records of the observed indmation at 
London, it had changed but little more than 6® in 140 
years, and at that rate it would take 7900 years to com- 
plete a revolution; but if we examine the mechanical 
effect of inclination upon the principle of the revolution 
of the Magnetic Pole, we shall soon see what inclination 
has to do with the latter. Inclination in north latitude 
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is Simply the downward tendency of the north end of the 
needle, which increases in a ratio not exactly determined 
as we proceed northward from the line of no inclination 
towards the Magnetic Pole. At the Pole the inclination 
is 90^ 

Now, on the supposition of the revolution of the Mag- 
netic Pole, it is sell-evident that the inclination at London 
will be greatest when the Magnetic Pole is nearest, and 
least when it is farthest ofE The Pole will be nearest 
when it is on the meridiun of London, and farthest off 
when on the meridian of 180® from London. 

As the Pole moves westward from the meridian of 
London, variation or declination will begin at zero and 
increase, and indination will begin from its maximum 
point to diminish until the Pole reaches 90® of longi- 
tude, when variation will begin to diminish, and both 
variation and indination will go on diminishing till the 
Pole reaches 180°. Thus we see that in obedience 
to the requirements of revolution, inclination has been 
diminishing at London from 1740 (the earliest record) to 
the present time. It must continue to diminish till about 
1983, when the Pole shall reach 180® west from Lon- 
don. It will be seen also, that from the maximum to 
the minimum of inclination indicates half a revolution of 
the Magnetic Pole, and from the minimum to the maxi- 
mum the other half; but the maximum at London can 
never reach 90®, because London is never at the Mag- 
netic Pole, and the minimum can never descend to zero 
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because London is never 90° of a circle of the globe 
from the Magnetic Pole. 

These remarks might be continued almost indefinitely, 
and with appositeness to the case; but I trust that I have 
said enough to show that the seeming irregularities whicli 
have heretofore baffled inquiry, are in fact a necessity, and 
perfectly regular when applied to the revolution of the 
Magnetic Pole, and their existence is therefore the best 
proof we can have of the truth of our theory, so far as a 
perfect explanation of their apparent irregularities is 
concerned. 

But our principles involve much higher truths than the 
apparent irregularities of magnetic attraction which it is 
proper that we should state here. They claim that mag- 
netism and the attraction of gravitation are identical 
in fact. They arc known to be so in the degree of their 
forces, and since nothing whatever is professed to be 
known of what causes gravitation, and since by its equality 
of force magnetism is seen to be capable of doing all that 
gravitation is supposed to do, the evidence is all in favor 
of their identitv. 

Secondly. — Our principles involve the necessity that all 
planets are magnetic, and hence their attraction one to 
another, and hence that attraction towards the Earth 
which governs the revolution of the Magnetic Pole. 

The Earth being a planet and magnetic, it is justifiable 

to assume that other planets are magnetic also. I think 

their relative motions and reciprocal influences demonstrate 

2 
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this truth, and if magnetism and gravitation are identical, 
it is impossible to be otherwise. 

Our Earth, on which we reside, is a lower order of 
planet — ^it is a centre to itself and to its own satellite, bnt 
to none else. All motion from that centre is therefore 
necessarily outward from that centre, onward and upward 
in an ascending ratio from the lower to the higher; as, of 
the Earth on her axis, the Moon about the Earth, the 
Earth and Moon together about the Sun, and the Earth, 
Sun and Moon about a higher centre. In obedience to 
the axiom of mechanical law, the ascending ratio must 
also be in strict geometrical progression, for geometry is 
neither more nor less in this case than exact mechanical 
proportion. Geometry is pure mechanics, and the one 
cannot be separated from the other. The period of the 
Earth, Snn, and Moon is the third in the ascending ratio 
as above named, and consequently the third also in geo- 
metrical progression. These facts being admitted, we are 
prepared to prove the period of the revolution of the 
Magnetic Pole by proving the period of the Earth's revo- 
lution relatively to the highest centre to which in her 
various revolutions she is immediately related. 

In my work on the Quadrature, published in 1851, after 
demonstrating the circumference and diameter of one 
primary circle to be as 20612 to 6561, and tlie motion of 
three gravitating bodies to be as four to three of one 
primary circumference, I then establish the following 
geometrical proportion, viz^: "As one primary circura- 
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ference of a circle is to the Moon's time round the Earth, 
so is the Moon's time round the Earth to the Earth's 
time round the Sun (see the Quadrature, page 114 in 
practical questions, and proposition 4, page 130) ; and the 
proportion stands thus: (the Moon's time round the Eartli 
being 27.482666+) 20612 : 27482666 :: 27482666 = 
366.43555, which, pointing off three figui'es for units in 
consequence of the increase of diameter of the circle, is 
the number of revolutions the Earth performs on her axis 
in revolving about the Sun (the time being circular time), 
and this period it will be seen is the second in the order of 
ascension as we have before described. The ikirdy which 
i% (TUT period of the revolution of the Magnetic Pole, will 
then stand as follows : 20612 : 366.43555 + :: 366.43555 + 
=651.4409 + . the revolutions heing years instead of day9\ 
and this I believe to be the exact period of the revolu- 
tion of the Magnetic Pole ai'ound the Geographical Poles 
of the Earth. 

The brevity of this demonstration will not probably 
suit the judgment of those gentlemen learned in astro- 
nomical science as at present taught, who, following the 
angular system of their predecessors of more than twenty 
centuries, have developed nothing definitely relative to 
any period such as we have here given. We must, there- 
fore, for our own satisfaction as well as theirs, examine 
this period a little more minutely, that we may see what 
is its significance apart from and beyond its government 
of the motions of the Magnetic Pole. 
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As I have said in my last published paper on this 8ub< 
jectj "this is not the Sun's period — that, of course, is much 
greater." The question then comes home with force, 
what period is it? and I answer, that it is the Eabth's 
SYNODioAL PERIOD — a period never calculated, if indeed at 
all considered by astronomers — a period in which the 
Earth as a satellite of the Sun repeats on a grander scale 
exactly the same phenomenon which our own satellite the 
Moon performs every time she makes a complete revolu- 
tion of the Earth relatively to the Sun's centre. 

In this period the Moon having the Earth lor the 
centre of her orbit, and starting from a point where 
she conjoins the Sun's centre (which is the centre of 
the Earth's orbit) with any given meridian on the 
Earth, she pursues her journey eastward round the Earth 
till she conjoins with the Sun's centre and that same 
meridian again; and this is her synodical period. She 
conjoins with no two meridians however at the same 
instant, but with everv meridian on the Earth's surface 
in the course of one revolution of the Earth on her 
axis; and this is the highest revolution of the Moon 
which is exclusively her own, and once completing this, 
she goes on repeating it forever, following the Earth 
round the Sun. 

So also the Earth having the Suti for the centre of 
her orbit, and starting from a point where she conjoins 
with any given meridian crossing the Sun's equator and 
the centime of the Sun's orbit, she pursues her journey 
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eastward round the Sun till she conjoins with the centre 
of the San's orbit, and that same meridian on the Sun's 
surface again. And this is the Earth's synodical period in 
revolving about the Sun. She conjoins with no two me- 
ridians however on the Sun at the same instant, but with 
every meridian in the course of one revolution of the Sun 
on his axis; and this is the highest revolutionof the Earth 
which is exclusively her own. After this she goes on 
repeating the same forever, following the Sun in his orbit 
round his great centre. 

We have given the Earth's synodical period as 651.4409 
-f- yeare. * The Moon performs her synodical period round 

* From the Bolution of the problem of three gravitatiiig bodies as shown 
by the Quadrature, pages 100 to 116, there results a series by which the 
Earth's synodical period is reached as the fourth in order from one primary 
circumference, the same as it is the third in order by geometrical progres- 
sion. 

For example, let be the primary drcumferenoe of a circle (20612.), then 
C plus ^=D plus i=E plus i=F plus i=a. Then G=651.4409 + which, 
pointing off three figures to the left for years, is the Earth's synodical period. 

To show the direct connection of this series and this period with solar 
time, tako the following example : Let C=l, then plus i=D plus i=E 
plus ^=Fplusi=G, then G=8.1H0493+ tolnfinity. Now G is found to bo 
exactly equal to the circumference of one solar day in its relation to the 
circumference of one diameter; hence Gx5158, the area of one primary 
circle, and + 5184 the unit of one solar day as evolved by the multiple 6 
will give 3.1415942+ to infinity, equal to the decimal circumference of ono 
diameter. It is therefore competent from this series to produce the drcum- 
ferenoe of one diameter from any number whatever, and to any number of 
places of figures required, and with the use of any equal multiple or divi- 
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the Eaith in a little more than twenty-nine and a half 
revolutions of the Earth on her axis from opposite the 
Sun's centre to opposite that centre again, or twenty-nine 
and a half solar dajs (it is 29.530588+). 

If therefore we give to the Sun the same number of 
revolutions on his axis, relatively to the centre of his 
orbit, from one conjunction to another (and he can have 
neither more nor less without breaking the order of revolu- 
tion), it will prove that the Sun revolves on his axis rela- 
tively to the centre of his orbit once in twenty-two years 
and twenty-one days. Any fixed spot on the Snn^s disc 
will therefore return in eleven years and ten and a half 
days from the time of its disappearance, or in half a 
revolution of the Sun on his axis relatively to the centre 
of his orbit. Herschell in his Astronomy gives the period- 
ical return of the Sun's spots as eleven and eleven one 
liundredths years — equal to eleven years and thirty-nine 
days. Herschell did not claim to know anything of the 
period which we are endeavoring to prove ; but the coin- 
cidence of time of the return of the Sim's spots abun- 
dantly proves its truth. But as the Sun's individual spots 
ai'e not clearly identified, and some may doubt the entire 

8or of the primarj drde and the eolar day. This series may also be made 
a perfect test of the troth of m j ratio of drcamfereooe and diameter, and 
of the defidencj of geometers' ratio which it is not in the power of numbers 
or geometry to disproya Ifany of these things, whidi are oonsideredby 
mathematicians as mere cnrlositios of figures, are in fact mochanical truths 
of the very highest order. 
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accuracy of time, we will not rest our evidence here, — we 
have a more sure testimony in what follows. 

The Sun appears to revolve on his axis relatively to 
U8 in twenty-six or twenty-seven days. It is therefore 
certain that the above revolution of plus twenty-two yeai-s 
relatively to the centre of his orbit must be accomplished 
by a small daily precession over mean or sidereal time. 
Herschell gives the Sun's synodical period on his axis (i.e. 
relatively to the Earth and the Moon) as 27*^ 5^ 5'. The 
Moon's sidereal time round the Earth is 27** 7^ 43' 3'' ; at 
that rate therefore, according to Hei*schell, there is a pre- 
cession of the Sun on his axis of 2** 38' 3'' in a sidereal 
lunation. We have thus the right amount of the Sun's 
precession in his axial motion relatively to us to conform 
to the period of 22-(- yeare relative to the centre of his 
orbit. More exactly I think the amount of that precession 
is 5' 43" 32''' daily, equal to 2^ 36' 25" 57'" in a sidereal 
lunation, differing from Ilerschell's period but 1' 37" in 
a lunar month.* At that rate of motion, in plus twenty- 
two years the Sun by his precession will gain one complete 

♦ Whatever difference there may be in the relative motions of the Sun on 
his axis and of our Earth, it being the primary of all relative motions, it can 
he neither more nor less than unit, and the unit of circumference irrespec* 
tiye of magnitude is 20612, which expressed in the divisions of time=; 
5' 43" 32'", which I assume, therefore, is the true difference in the relative 
motions of the Sun and our Earth on their respective axles ; and I prefer 
this as a principle of motion rather than the result of Herscheirs' instru- 
mental observation, which, lilce aU other observations, is at best only a very 
doBe approximation. 
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synodical period of the Moon and one precession added ; 
and the Earth having passed twenty-two times round the 
Sun will have gained of solar time twenty-two times the 
amount of one precession of the Sun on his axis, the whole 
together equal to 32** 0*" 51'. This is just as it should be; 
the motion is perfectly mechanical, and the time agrees 
with Hei-scheirs demonstration of the Sun's precession 
within a few minutes in plus twenty-two years. Neither 
one of these phenomena could exist without the other — 
they are in fact creative of each other ; the existence of 
the period creates the precession, and the existence of the 
precession proves the necessity of the period. 

I consider the evidence perfect in itself, and it is there- 
fore certain, 1 think, that plus 651 years is the Eartli's 
synodical period, and that the Sun turns on his axis rela- 
tive to the centre of his orbit once in plus twenty-two 
years, in which, revolving about the Sun, the Earth con- 
joins with any meridian on tlie Sun, and the centre 
around which the Sun revolves. The fact that this same 
period is or is not also thfe period of the revolution of the 
Magnetic Pole turns wholly upon the admission or denial 
whether or not the attraction of the needle is caused by 
astronomical or planetary influence. If that be admitted, 
it is then an absolute necessity that the superior attrac- 
tions which govern the Earth's motions relatively to the 
Sun and the centre of his orbit, must also govern the 
movement of the Magnetic Pole. 

If I underetand correctly the principles and necessities 
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of combined motion, these orbs revolving together and 
about each other, all governed by the same laws, and 
their forces all equalized between themselves in respect to 
their relative magnitudes, distances, and velocities, can no 
more fail to make these conjunctions in the ascending and 
progressive order exactly as begun, without getting out of 
place in respect to each other, than the hands of a clock 
can fail to conjoin at 12 m. without getting out of place 
in respect to time. The perfect observance and exact 
fulfilment of this order is in fact a part of the law which 
, keeps the Earth in her perfect balance, fulfilling her sea- 
sons in exact time, and with perfect safety. 

I must here ask attention to the fact that in proving 
the exact period of the revolution of the Magnetic Pole, I 
have at the same time explained and proved the Earth's 
synodical period — a period not before known or under- 
stood in the science of the schools — and this is done 
chiefly by the aid of the Quadrature, so long condemned 
by the schools as a useless question. 

I consider the evidence perfect in itself, yet I have no 
doubt but it will be rejected by those who contend for tlie or- 
thodox and angular system of demonstration, which in my 
opinion is incompetent to discover the truth in either case. 
The true and immediate reason of its rejection however 
will be, that its simplicity and truthfulness to nature does 
not flatter the ostentatious pretensions of speculative learn- 
ing. Victory y however, will not always hang in the bal- 
ance, but must eventually be declared on the side of truth. 
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There is another trath of Astronomy with which this 
period lias something to do — it is the precession of the 
eciuinoxes. 

Two forces are always active in revolntion ; and in 
order that revolution may be continuous it is necessary 
that one of tlie forces should always precede the other a 
little. "Wherever there is continuous revolution, there- 
tore, there is always a precession of one of the forces which 
govern it. It is a universal principle and a mechanical 
law, without which motion cannot be continued. It may 
be best illustrated by tlie steam-engine, and it is just a^ 
observable arid necessary in the motion of the heavenly 
bodies as in the steam-engine. 

In the construction of the engine one of the first diffi- 
culties encountered was to overcome the force of gravity. 
It was found that when the two forces of gravity and 
steam-power came exactly opposite each other the engine 
stopped. Something was wanted to carry forward motion 
beyond the centre of gravity, and this is exactly the same 
thing as precession in the motion of the heavenly bodies. 
Ingenuity and perseverance at length overcame the diffi- 
culty with the steam-engine, and it is a remarkable fact 
and worthy of attentive consideration, that the principle 
by which the difficulty is overcome is precisely the same 
as is observable in the relative motions of our Eartli a^ad 
the heavenly bodies, viz. : by a slight difference in time in 
the action of one of the forces,— a moment's precession of 
one force over the other. Thus, as we have just now seen, 
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the Sqd, the source of the govemiug attraction in his 
revolution on his axis, takes precession of tli^ Moon in 
his orbit more than five minutes daily, and fulfils his re- 
volution more than two hours sooner in a hinar month 
than the Moon completes her orbit relatively to a fixed 
star. 

The Earth appears to be moving between two forces — 
the attraction of the Sun as the centre of the solar system 
to which the Earth belongs, and a force outside of the solar 
system which controls and limits the sidereal or mean year. 
But in the motions of the Earth the Sun's attraction always 
takes precedence, or has the precession, because, as I sup- 
pose, that the Eaith is nearer to him than to tiie opposite 
force, and because the Earth undoubtedly belongs to the 
Sun's system. 

Thus, while the Earth is turning on her axis, the Sun 
actually goes before, and the Earth is nearly 3' 56'^ longer 
in turning on her axis from opposite the Sun's centre to 
opposite tliat centre again, than she is in turning from op- 
posite a fixed star to opposite that star again. The Earth 
in her daily revolution is thus carried forward beyond the 
gravitating centre of the two forces, the solar and sidereal, 
and the amount which she is thus carried forward is the 
Sun's daily precession. 

Again, in the Earth's revolution round the Sun the Sun 
arrives at his solstitial points nearly forty-five seconds before 
the star arrives at the same meridian, and the solar year is 
ended before the sidereal year is ended ; and this again is 
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the Sun's annual precession at his solstitial points over side- 
real time, or the mean year. 

So also the Sun arrives at his equinoctial points about 
3^ seconds of time and plus 61'' of a degree before the star 
arrives at the same meridian, and this is what is termed 
the " precession of the equinoxes," in which, according to 
mir theory, the Sun by his precession carries the Earth be- 
vond the centre of gravitv of the two forces which govern 
her motion ; and this precession will surround the globe in 
about 25,000 years, sometimes called the great year of the 
Earth. 

We are now to see what our period of the revolu- 
tion of the Magnetic Pole and the Earth's synodical period 
has to do with the precession of the equinoxes. 

In my work on the Quadrature, pages 97 to 99 inclusive, 
I have shown that " all periods of time are greater than 
the revolution of one primary circle in space, because all 
the heavenly bodies by which time is measured are them- 
selves also in motion." The revolution of one primary 
circle in space when reduced to time is 23^ 51' 23" 20'" — 
and the sidereal revolution is the exact mean between one 
circular and one solar day, less 44" 52"', which is the Sun's 
precession at his solstitial points. In other words, the ex- 
cess above the mean between a circular and sidereal and 
a sidereal and solar day is the Sun's precession at his solsti- 
tial points.* 

* The solar day equals 24 hours, difference greater than circu- 
lar day 8' 36* 40" 
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As the Earth's synodical period is the same revolution as 
her annnal period, only continnons for a longer time, and 
relatively to a higher centre, which is on a scale of geo- 
metrical progression above the annual period, it is there- 
fore evident that the Sun's daily precession in the Earth's 
synodical period shall be the mean of the difference be- 
tween a circular and sidereal and a sidereal and a solar 
day, and any excess of the actual period above the mean 
ofsMGhdifferencey shall be the Sun's precession at his equi- 
noctial points. In this we follow the exact rule as seen to 
exist in the annual revolution and the Sun's precession at 
his solstitial points. 

The actual mean as described above is found by calcu- 
lation to be 2^ 9" 10"' solar time,* and the actual time of 
the Sun's daily precession in the Earth's synodical period is 
2/ 12'^ ST'' + ;t the difference above the mean is 3'' 27'^' -f- , 

The sidereal daj equals 23 h. 56' 4' 6"\ diflfbrence less than 
solar day. 8' 56' 64"* 

The circular day equals 23 h. 51' 23' 20'", difference less 
than sidereal d^ 4' 40" 46'" 



ttt 



Excess of difference abore the mean 0' 44' 52 

* The difference between one circular and one sidereal day is 

4' 40' 46", half equals 2' 20' 23'" 

The difference between one sidereal and one solar day is 

3' 66' 64"', half equals 1' 67' 67"' 

Together = 4' 18' 20"' 

Halfequals 2' 9' 10 ' 

f The period 661.4409+ x 366.24226+the days and firactions of days in 
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which is the Son's daily preeeesion above the mean aa be- 
fore stated ; and becanse in performing one complete revo- 
lution round the Sun, the Earth has gained one entire 
revolution on her axis from the Snn to the Sun, or one solar 
day, therefore the Snn, on the completion of the full year, 
arrives at his eqninoctial point preceding the star by exactly 
the excess (3'' 27'"+) of the whole daily precession above 
the mean of the difference between a circular and side- 
real and a sidereal and solar day, as before stated, — just as 
at his solstitial point, the Sun precedes the star by exactly 
the excess above the mean between a circular and sidereal 
and a sidereal and solar day. 

The calculations by which these results are reached are 
perfectly simple and reliable, but the detail of %nre8 
would be too dry for rehearsal here, although some very 
curious and interesting facts might be developed thereby.* 

The precession of the equinoxes is therefore seen to be 

the mean year, gives the prodact 287988. 74-p, equal the number of 
solar days in the whole period ; and this prodact 237938.74+ divided into 
the mean year reduced to the smallest appreciable divisions of time (tliirds, 
or eoths of a second) will give the required Sun's precession daily to accom- 
plish the whole revolution. Thus, 651.4409+ x 865.24224=237933.74 
+ and 365 d. 5 h. 48' 60' 68"' reduced to its lowest denomination = 
1893416863 -*- 237933.74=7967.74+, which is the amount of the Sun's 
daily precession over mean time, the time being in thirds or 60ths of a second, 
and 7957'"+ expressed in the proper divisions of time = 2' 12' 37"' + the 
Sun's actual daily precession in the Earth's synodical period. 

* The elements of the exact period of the Sun's orbit are, I thmk, developed 
in these calculations, which I am mduced to believe is exactly 26,000 years, 
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the natural and necessary result of the mechanical laws of 
motion, and not the result of accidental and extraneous 
causes, as has been taught by astronomy. 

To speculate on the cause of an observed phenomenon 
and make a show of reason out of it is one thing, and to 
demonstrate the necesssity of such phenomenon, its cause 
and exact value by a mechanical law of universal applica- 
tion is quite another thing. And this is the real differ- 
ence between mo and the astronomers of the schools in 
regard to the cause of the precession of the equinoxes. 

In my last published paper on this subject I said that 
'^ problems of new and exceeding interest, almost without 
bound, would follow the acceptance of the truth of my 
demonstrations." As yet I have scarcely touched upon their 
number or interest ; others of a more startling nature than 
any yet mentioned, and not less dear and c(Hiclnsive, are 
in reserve and ready to be demonstrated whenever the 
principles of revolution and the value of the quadrature are 
admitted. These demonstrations will contradict no hno^jon 
truth, but they will add many new truths to those already 
known. As in the case of the precession of the equinoxes, 
they will set aside some of the speculative causes of the 
observed phenomena, and substitute in their room a natu- 
ral and efficient cause. They will correct false theories ; 
and no one need be surprised if in a very short time from 
this astronomers should find themselves compelled to in- 

but with a lap or preoesBion at the end indicative of another revolution that 
will take over 13,000,000 years to ftilflL 
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quire whether they have not always been mistaken in sup- 
posing the unnatural existence of a projectile force. 

Sir J. r. W. Herschell in his Astronomy has remarked 
that " Astronomy, unlike the other sciences, can never 
change." His meaning doubtless was, that the truths of 
astronomy were fixed from eternity in the laws of nature, 
and therein he was right, and astronomy can never change. 
But some who have not Herschell's perceptions of truth, 
have construed him to mean that the science of astrono- 
my as taught, being already perfect in itself, can suffer no 
change. But this is a very great mistake. There are many 
things taught as truths in astronomy which are purely con- 
jectural. I speak not now of any of the observed phenom- 
ena, but of the causes assigned for such phenomena, which 
are often accepted by the learned only for want of a better 
explanation ; and if my demonstration be true, such has 
been the case in regard to the precession of the equinoxes ; 
by attributing it to a wrong cause they have been led 
into another error to find the cause of nutation. I believe 
that if the principle be accepted, that the Magnetic Pole 
revolves by astronomical attraction, gradually, but very 
slowly changing the equator and the Poles, it will at once 
explain all those curvilinear phenomena about the Poles 
of the Ecliptic, which have led to the assumed cause of 
precession and nutation. Precession and the appearance of 
nutation will still exist, but the cause of them will be quite 
another affair. They are simple, natural and mechanical 
truths, the result of a compound motion. 
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I do not believe the Btory which the savans tell us to 
account for precession and nutation, — ^that this Earth of 
ours, which bears us all so kindly and smoothly on her 
bosom, is in fact a hump-back, and that she wags herself 
lewdly in presence of her lord the Sun when he ap- 
proaches the equator. I am satisfied that she has no such 
deformity or infirmity, and that she will at length vindi- 
cate herself against all such aspersions of vain and pre- 
sumptuous philosophers.* 

* It is held by aatronomers that the cauae of the precession of the equinox 
is an accumulation of matter and protuberancee of the Earth about the equa* 
tor, — and that the attraction of the Sun and Moon acting upon the increased 
mass, gives to the Earth a disturbed motioui causing a yibratorj movement on 
her aziS) and this they call nutation or a nodding, I have no belief in such a 
cause. 
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NO PROJECTILE FORCE IN NATURE. 



In a paper which I read two years ago, before the 
American Geographical and Statistical Society, on the 
subject of Polar Magnetism, in which the argument was, 
that the Magnetic Poles revolve about the Geographical 
Poles, and that Polar Magnetism is of planetary and 
celestial origin, I indicated a doubt of the existence of 
any projectile force in nature,, and its consequent absence 
in the motions of the Heavenly bodies. 

In that paper I said something of the '^ universal law of 
precession" prevailing throughout all the Heavenly 
bodies, the greater over the less, as a means provided by 
Nature in connection with magnetic attraction, to make 
motion continuous. 

In the paper which I shall now read, I propose to say a 
few words on tlie non-existence of projectile forces, and to 
give some practical proofs of the theory advanced. 

It will be seen at once that if the universality of preces- 
sion is the cause of the continuance of motion in the 
Heavenly bodies, it constitutes the first established truth, 
which confirms a doubt of the existence of a projectile 
force. Nature never wastes her powers by supplying two 
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forces where only one is necessary, and if we once admit 
the existence of magnetic attraction (gravitation), to pro- 
duce motion, and the universal law of precession to make 
it continuous, we have then accumulated all the powers 
that are necessary, and why should anything more be 
required ? 

The idea of a projectile force has its origin, no doubts 
in our knowledge of the fact, that our own Earth, in her 
orbit round the Sun, passes over an amount of space many 
times greater than her revolutions on her axis would 
measure, and at first sight a projectile movement appears 
to be an inevitable necessity, and to account for it ration- 
ally has exercised the science, ingenuity, skill, and judg- 
ment of the best minds which the world has afforded, in 
centuries past. I shall not attempt to repeat what has 
been said or written on the subject ; it is sufficient for our 
present reasoning to know that by no ingenuity of skill 
have the believers in an active projectile force (and that 
belief has, I think, been universal) ever been able to bring 
their theory within the operation of any natural law 
known to exist. It is reasonable to suppose that the laws 
of Nature, seen in our own world, are the laws of the 
universe, and we have no right to assume the existence 
anywhere of laws which are contrary to Nature here. But 
then comes the certain truth, that the Earth does move 
through space, both positively and relatively to other bod- 
ies, faster than her diurnal revolution on her axis would 
carry her, and how shall it be accounted for? 
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The result which all who have feasoned on the Bubject 
have finally come to is in substance like this. They 
represent the Deity as occupying some limited space, sit- 
ting on a vast throne, high and lifted up, engaged in his 
work, as a man would work with his hands, creating 
worlds, which he throws off to the right or the left, giving 
them an impetus which, for some unknown reason, is to 
last forever, and to be their guide through illimitable 
space. 

They thus, in fact, malign the Deity, by likening him 
to man, and to His own created things. They forget 
that right and left are only relative terms to a stationary 
being of limited power, and presence, and that neither 
height nor depth has any existence in the infinity of 
space. But the question comes back again, how else can 
they account for the vast movements of the Earth and the 
Planets which we know exist, and see daily performed. 

The way is then open for imagination to conceive a 
method by which these movements can be accounted for, 
but it must be a method consistent with the natural forces 
known to exist, consistent with the known movements of 
the Heavenly bodies, and contradictory of no known truth 
whatever. 

Imagination is one of the greatest, if not the greatest, 
power of the mind which God has given us : we identify 
it with thought, but it is superior to thought, and always 
leads it ; it is creative as well as suggestive in its power ; 
it presents to us the images of things as perfect as the 
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realities, and, no matter from what distance they may 
come, her flight to bring them is instantaneous as the 
lightning. Although wayward at times, she is always the 
willing handmaid of reason, and under that guidance, 
Imagination is always the pathway to discovery. We 
must invoke her help, then, in our present dilemma, and go 
wandering for a while in the realms of space, with reason 
and imagination alone for companionship. 

I think I can best lead your minds along with me in 
this wandering, by relating a story of fact. I was sitting 
on the piazza on the west side of my country house, to 
witness the splendors of a summer sunset. The air was 
cool and refreshing, and I sat till twilight had deepened 
into night, when Imagination assumed the reins of thought, 
and all that here follows is of her suggestion. 

^'What mean these glittering worlds in view, that 
downward slope their west'ring wheels % '^ They are all 
apparently moving — ^By what means ? For what purpose, 
and to what end? But astronomers say it is we that 
move, not they, and astronomers must be right, else how 
could such journeys be accomplished ? But there is no 
appearance of our moving — the air is still around us, — ^it 
is even moving gently in the same direction with us. If 
we were in such rapid motion as is supposed, the air would 
rush by us in the opposite direction with a force that 
would annihilate us. The atmosphere must then move 
with us. Astronomers say it does, and astronomers must 
be right. 
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How high is our atmosphere ? Philosophers tell us that 
it is only forty miles 1 What is next to it ? Where is the 
dividing line? There must be great friction on that line 
if the same order of nature is obeyed there as here. 
Philosophers have again told us that there is nothing next 
to our atmosphere, and that is the reason of a continuance 
of the projectile motion, because there is nothing to stop 
it. Are we then moving through space on the same prin- 
ciple as through an exhausted tube? In that case we 
should not move in an orbit, but in a straight line, until 
we should go crash against some other planet, shattering 
ourselves or them. And these same philosophers have, in 
their imaginations, gravely provided this mode of destruc- 
tion for us. But this is not in harmony with Nature, or 
our own motion, and besides " Nature abhors a vacuum." 
It cannot be, therefore, that we are projected thus through 
space. 

There is the Moon above us shining brightly. She is 
moving in the same direction that we are, and she moves 
faster through space than we do. She accompanies the 
Earth in her orbit round the Sun, and at the same time she 
goes completely round the Earth relatively to the Sun, 
every twenty-nine and a half days. She has kept the 
same relative position to our Earth in all her vast journeys 
of thousands of years. By what principle are they thus 
held together? Have we any evidence of the existence 
between the Earth and the Moon of any medium but the 
common atmosphere in whatever rarefied state that may 
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be ? Must we not suppose, then, that such atmospheres fill 
the whole space l>etween them? Are not the Earth and 
the Moon, then, a complete system by themselves, revolving 
together from the beginning of time as one, yet forming a 
part of another and higher system, and that again still 
higher, forever upward and onward, till it shall reach the 
Throne of God ! It appears to me, therefore, that the Earth 
and the Moon form a separate and independent system in 
themselves, though tributary to one higher. Can there be 
any dividing line between the Moon's atmosphere and 
ours i Is it not more probable that they are united and 
move together in mingling, flowing currents, like the ocean 
currents of this globe, which by their motion and min- 
gling, are made to assist in preserving the world's balance? 

lu that case the Earth would then be the centre, and the 
Moon's path the circumference of one inseparable moving 
orb. By the laws which regulate motion and magnitude 
the Earth would then move through her orbit, not by attrac- 
tion to the concrete Earth alone, but to the great luminous 
orb which should include the Moon's path, and all between 
that and the Earth, and this, perhaps, a Sun to other worlds; 
then it would follow that the Earth's orbit round the 8un 
should be measured by the revolutions of the Moon's orbit 
round the Earth. This is a new idea, it is a grand one, — 
it is startling. I must look to it and see if it is true. 

Imagination has now done her work, — she has led our 
thoughts, she has created a %ure and presented the moving 
image to our mind of the Earth revolving round the Sun 
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End meMnring the distance performed by the value of the 
circnmference of the Moon's orbit, and, having no more to 
do, Imagination now bids us to prove our intelligence. 

I retire immediately to my room, and not to make my 
story too long, after a vai-iety of defective and erroneous 
oalonlations I at length arrived at these results : 

The Sun, as ascertained by my Quadrature, is distant 
from our Earth 92285668, of those parts of which the di- 
ameter of the Earth is 7912. We call them miles. The di- 
ameter of the Earth's orbit is then 184591136 of such 
miles. Its circumference is therefore 679847623+ of the 
same miles. In passing round the Sun the Earth revolves 
on her axis 365.24226 times. In so doing she gains one 
. revolution =1. In the same period the Moon revolves 
about the Earth 12.36826. In doing so she gains one 
revolution of the Earth. Total of revolutions, 379.61151 H 

These revolutions are all of them solar days, each one 
of which is greater than the revolution of a circle in space 
in the proportion of -6184 to 5153 and therefore as 5153 : 
6184: 379.61151=381.896, and the circumference of 
the Earth's orbit being 679847623+ -f-381.895 gives 
1618343 miles for the circumference of the Moon's orbit, 
and the diameter of 1618243+ is 483303+ half equals 
241661 which is the Moon's distance from us. Now ob- 
serve that this distance is of such parts as compose the 
Earth's diameter reckoned at 7912 miles, and, if there is 
any error in that diameter of the Earth, then there is an 
equal proportional error in this distance. And in my 
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opinion the diameter of the Earth should be considered as 
7853 + miles, and in that case the Moon's distance will be 
239838 and the Sun's distance will be 91597392 miles. 
The reasons for all these conditions will be apparent to any 
one who will take the trouble to examine them. 

In the problem to determine the Sun's distance, I have 
taken the diameter of the Earth at 7912 miles, because 
that is the sum set down in the books as ascertained by 
the measurement of a degree on the Equator. But be- 
cause in the problem to determine the Sun's distance I 
have taken the Earth as '^ Unit," I am of the opinion that 
the diameter should be taken as .7853+ or one quarter 
the circumference of one diameter, and particularly this 
should be so, as the calculations are all made in reference 
to motion. This gives a difference in the diameter of the 
Earth of between 58 and 59 miles, and I think the last 
named sum (7853+) is the most accurate. 

Astronomers say that the Moon's distance from us is a 
fraction less than 239,000 miles, but theirs is only an 
approximation, and they admit a liability to error equal to 
one or two thousand miles. And again their measure- 
ment is from the centre of the Earth, to the centre of the 
Moon, and it is self-evident that our measurement as first 
given includes the Moon's whole diameter, and her atmos- 
phere which moves with her, and this being considered it 
will increase their distance or diminish ours ten or twelve 
hundred mUes, and astronomei^ admit a possible error 
greater than that difference would show. But if we 
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admit an error in the diameter of the Earth equal to that 
above stated, we shall tlien approximate to the latest 
estimate of the Moon's distance by astronomers almost 
exactly. Now which shall we accept for the Moon's 
distance? the measurement of astronomers with its lia 
bility to error of a couple of thousand miles or so, or my 
hypothesis, which, if true, gives the exact distance to a 
mile ? I think the evidence is all in favor of the hy- 
pothesis, which makes the Earth to revolve about the Sun 
on the value of the circumference of the Moon's orbit, 
this result being produced by the natural laws of motion, 
and the attraction of magnetism (or gravitation, if you 
please to call it such) with the universal law of precession 
to make motion continuous, and not by any imaginary 
projectile force which does violence to Nature. 

The Sun's distance from the Earth was formerly con- 
sidered to be 95,000,000 miles, some have said 96,000,000 ; 
here again astronomers admitted a possible error of one 
or two millions of miles. La Place thought it was within 
^ of the truth. Of late, however, they have come to 
the conclusion that the distance is much less, and as 
deduced from the angle of parallax, it has by some been 
stated a fraction under 92,000,000, and I hear that much 
anxiety is felt to ascertain the fact, by observing the 
transit of Venus to happen in 1874. 

I determined the Sun's distance by my Quadrature 
published in 1851, to be 92,285,568 miles such as compose 
the Earth's diameter reckoned at 7,912 miles, and I wait 
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the result of the coming observations of the transit 
without fear of contradiction. It was not until a dozen 
years after the publication of my Quadrature that the 
change was made in the estimate of the Sun's distance, 
and then without credit to my earlier demonstration. 

But we need not wait for the transit to learn the truth. 
The mechanical properties of numbers, which Archimedes 
threw away and which all astronomers now throw away 
as useless, will help us out of the difficulty. If we admit 
the hypothesis that the Earth revolves about the Sun on 
the value of the circumference of the Moon's orbit (and I 
do not see how we can help admitting it, unless we first 
deny the unity of the Earth and the Moon, as constituting 
a perfect and distinct system, and unless we deny also the 
well established truth that the Heavenly bodies are gov- 
erned by laws that regulate their distance and motion 
relative to each other, precisely according to their relative 
magnitudes, density, etc.), then it will follow, from the 
mechanical properties of numbers, that knowing how 
many revolutions of the Earth and Moon are performed 
(381,895) in the passage over the Earth's orbit, if we 
divide that number into the Sun's distance (which is the 
radius of the Earth's orbit), the product will be the radius 
of the Moon's orbit. 

If, then, we want to know whether the Sun is 95,000,000 
of miles distant from us, we will divide 95,000,000 by 
381.895, the number of revolutions of the Earth and the 
Moon, and that will give 248,759 miles as the Moon's dis- 
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tance; and we know from observation, aside from our own 
theory, that it is not 248,759 miles, and that it does not 
differ much from 240,000, and by the same means we then 
know, also, that the Sun is not 95,000,000 of miles from 
us. Again, knowing approximately the Moon's distance to 
be about from 240,000 miles, if we take that as radius, and 
multiply it by the number of revolutions which the Earth 
and the Moon perform (381,895) in passing over the 
Earth's entire orbit, the product will be the Sun's distance 
or the radius of the Earth's orbit. And here again we 
see that the Sun is not 95,000,000 of miles from us, and, 
moreover, that its distance is not greater than the sum we 
have given it, viz., 92,285,568 of those parts of which the 
Earth's diameter is 7,912, which we call miles. Again, 
knowing the Moon's distance, we can calculate the cir- 
cumference of her orbit, and, multiplying that by the 
number of revolutions, will give us the Earth's orbit 
round the sun. 

These truths are all so perfectly simple as scarcely 
to need a diagram to illustrate them, but as all may not 
see the truth quite clearly I have prepared here a dia- 
gram to illustrate the power of numbers as applicable 
to our theory. 

Let us consider the larger circle as the Earth's orbit, 
with the Sun in the centre, the lesser circle is the Moon's 
orbit with the Earth in the centre. Now let us suppose 
that the diameter of the lesser circle is 1, and the diam- 
eter of the greater circle is 12, then in the lesser revolv- 
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ing about the greater the lesser will make 12 revolutions. 
Then divide the number of revolutions 12, into 6, the ra- 
dius of the Earth's orbit, the result is .6, which is the ra- 
dius of tlie Moon's orbit. Again, if you know the Moon's 




distance, and multiply it by the number of revolutions re- 
quired to pass round the Sun, it will give yon the Sun's 
distance or the radius of the Earth's orbit. And if you 
know the Moon's distance you can calculate the circum- 
ference of her orbit, and, multiplying that by the number 
of revolutions required to pass round the Sun, it will give 
you the Earth's orbit. If you know the Moon's distance, 
and divide it into the radius of the Earth's orbit, it will 
give you the number of revolutions of the Moon in her or- 
bit required to pass round the Sun, and these are just the 
things which the Earth and the Moon together perform 



NO PBOJECnLE FOB0& IN NATUBB. 15 

every year in the fulfilment of their respective journeys 
round the Sun. 

Divested of the lumber which Science has given these 
questions, it looks too simple to be believed, but you may 
alter your proportions and carry your numbers and 
diametei*s to hundreds of millions, as you please, and still 
you will find numbers true to those mechanical proper- 
ties. 

Admit the hypothesis, then, as in fact we have already 
proved it, that the Earth revolves round the Sun on the 
value of the circumference of the Moon's orbit, and we 
then know the Sun's distance, without waiting till 1874 to 
learn the confused results of the vast outlay for observing 
the transit of Venus ; and what is of much greater impor- 
tance, we have learned by this examination that because 
our Earth revolves about the Sun, on the value of the cir- 
cumference of the Moon's orbit, the Earth being in the 
centre, the Earth therefore moves evenly through space, 
as the centre of that revolving orb, put in motion by 
the attraction of magnetism (gravitation) and kept in 
motion by the universal law of the Sun's precession, and 
therefore there is no such thing in Nature as a projectile 
force, and especially there is none in the motion of our 
Earth round the Sun. 

Hence it will be seen, that accepting these premises to 
be true, it will result that the Earth's daily progress in her 
orbit round the Sun is exactly equal to the circumfei-enco 
of the Moon's orbit round the Earth, viz., it is exactly 
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1,518,343 miles, such as compoBe the Earth's diameter 
rec^koned at 7,912 miles. Eeduced to time, the daily 
motion is as follows : Revolution of the Earth on her axis, 
24 hours ; in the meantime the Moon has advanced, in her 
orbit round the Earth, 52' 30''+, sidereal time, to which 
you must add the difference between a solar day and the 
i-e volution of a circle in space, 8' 36"+. 

If it is objected that neither the Earth nor the Mooa 
revolve in a circle, and therefore those things cannot be 
true, the answer is, that if we suppose either the Earth or 
the Moon to revolve in a circle, the area of whicli is equal 
to the area of the ellipse in which they do actually 
revolve, then the radius of the circle is exactly the mean 
distance of either the Earth or the Moon from the centi-e 
around which they revolve ; and it is precisely the same 
thing whether they revolve in a circle by an equal motion, 
or in an ellipse by an unequal motion ; in either case they 
fulfil the law of passing over equal areas in equal times. 

John A. Parker. 
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OHBMICAL ANALYSIS. By Maurice Perkins. 12mo, 
cloth. |1 00 

DRAWING AND PAINTING. 

BOUVIER HANDBOOK ON OIL PAINTING. Handbook of Young 
AND OTHERS. Artists and Amateurs in Oil Painting; being chietly a con- 
densed compilation from the celebrated Manual of Bouvier, 
with additional matter selected from the labors of Merriwell, 
De Montalbert, and other distinguished Continental writers 
on the art. In 7 parts. Adapted for a Text-Book in 
Academies of both sexes, as well as for self-instruction. 
Appended, a new Explanatory and Critical Vocabulary. By 
an American Artist. 12mo, cloth ^2 00 

COE. PROGRESSIVE DRAWING BOOK. By Benj. H. Coe. 

One voL, cloth $3 50 

DRAWING FOR LITTLE FOLKS ; or, First Lessens for 
the Nursery. 30 drawings. Neat cover :j;0 3:) 

" FIRST STUDIES IN DRAWING. Containing Elemental? 

Exorcises, Drawings from Objects, Animals, an'l Ru>ti; 
Figures. Complete in i/irrr imui'ttrs of 18 studies each, in 
neat covers. Each $0.20 

'* COTTAGES. An Introduction to Landscape Drawmg. Cou- 

tavduft 72 Sftif/ks. Complete in four numbers of 18 studies 
each, in neat covers. Each $0.20 

«« EASY LESSONS IN LANDSCAPE. Complete in four 

numbers of 10 Studies each. In neat 8 vo cover. Each, $0 20 

^ HEADS, ANIMALS, AND FIGURES. Adapted to Pencil 

Drawing. Complete in three numbers of 10 Studies each. 
In neat 8vo covers. Each $0 20 

*» COPY BOOK, WITH INSTRUCTIONS $0 l^i 

RUSKIN. THE ELEMENTS OF DRAWING. In Three Letters to 

Beginners. By John Ruskin. 1 vol. 12mo $1 00 

'• THE ELEMENTS OF PERSPECTIVE. Arranged for the 

use of Schools, By John Buskin $i 00 

SMITH. A MANUAL OF TOPOGRAPHICAL DRAWING. By 

Prof. B. S. Smith. Second edition. 1 toI. 8vo, cloth, 
plates $2 00 

•* MANUAL OF LINEAR PERSPECTIVE. Form, Shade, 

Shadow, and Reflection. By Prof. R* S. Smith. 1 vol. 8\ o, 
plates, cloth $2 00 

(fVARREN. CONSTRUCTIVE GEOMETRY AND INDUSTRIAL 

DRAWING. By S. Edward Warren, Professor in the Mas- 
sachusetts Institute of Technology, Boston: — 

X. ELEMENTARY WORKS. 

1. ELEMENTARY FREE-HAND GEOMETRICAL DRAWING. 
A series of progressive exercises on regular lines and forms, 
including systematic instruction in lettering; a training of 
the eye and hand for all who are learning to draw. 12mo, 

cloth, many cuts 75 cts. 

Vols. 1 and 3, bound in 1 vol $1 75 
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ELEMENTARY WORKS.— Continued. 

WARREN 2. PLANE PROBLEMS IN ELEMENTARY GEOMETRY. Witli 

numerous wood-cuts. 12mo, doth $1 88 

8. DRAFTING INSTRUMENTS AND OPERATIONS. Con- 
taining full information about oU the instruments and 
materials used by the draftsmen, with full directions for theix 
use. With plates and wood-cuts. One vol. 12mOf doth, $1 25 

4. ELEMENTARY PROJECTION DRAWING. Revised and en- 

larged edition. In five divisions. Thi^ and the last volume 
are favorite text-books, especially valuable to all Mechanical 
Artisans, and are particularly recommended for the use of all 
higher public and private schools. New revised and enlarged 
edition, with numerous wood-cuts and plates. (1872. ) 1 2mo, 
doth $1 60 

5. ELEMENTARY LINEAR PERSPECTIVE OF FORMS AND 

SHADOWS. Part 1.— Primitive Methods, with an Intax>duc- 
tion. Part II. — Derivative Methods, witli Notes on Aerial 
Perspective, and many Practical Examples. NumerouB wood- 
cuts. 1 vol. 12mo, cloth. $1 00 

n. HiaHBR WORKS. 

These are designed prindpolly for Schools of Engineering and 
Architecture, and for the meml)crs generally of those professions; 
and the first three are also designed for use in those colleges which 
provide courses of study adapted to the preliminary general 
training of candidates for the Kcientific professions, as weU as for 
those technical schools which undertake that training themselves. 

1. GENERAL PROBLEMS OF ORTHOGRAPHIC PROJEC- 
TIONS. The foundation course for the subsequent theo- 
retical and practical works. A new edition of this work will 
soon appear. 

«. GENERAL PROBLEMS OF SHADES AND SHADOWS. A 

wider range of problems than can elsewhere be found in 
English, and the principles of shading. 1 voL 8vo, with 
numerous plates. Cloth. $3 50 

8. HIGHER LINTIAR PERSPECTIVE. Distinguished by its con- 
cise summary of various methods of perspective construction ; 
a full set of standard problems, and a careful di.scussion of 
special higher ones. With numerous large platea 8vo, 
cloth |4 fKj 

4 ELEMENTS OF MACHINE CONSTRUCTION AND DRAW- 
ING ; or, Machine Drawings. With some elements of descrip- 
tive and rational cineniatic& A Text- Book for Schools of 
Civil and Mechanical Engineering, and for the use of Me- 
chanical Establishments, Artisans, and Inventors. Containing 
the principles of gearings, screw propellers, valve motions, and 
governors, and many standard and novel examples, mostly from 
present American practice. By S. Edward Warren. 2 vola. 
8vo. 1 voL text and cuts, and 1 vol. laige plates. «. . ^7 50 

A FEW FROM MANY TESTIMONIALS. 

**It ■eeow to me that jonr Worlw only need n thoronf^h examination to be lntn>- 
dnced and pcrmnnently used in nil the Scientific and Engineering Schools.** 
—Prof. J. G. FOX. CoUegUite and Engineering JnUUvte^ Xeto York CUy. 

**I hATB nned ficverni of your Elementary Works ond believe them to be better 
adapted to the purpones of inotrut-tion than any others with whicli I am 
acquainted."— H. F. WALLING, Pnif. i\f CivU and Tcpoffraphical Engi^ 
neering^ Lqfat/ette College, Eattton^ Pa. 

••Your Worlcs appear to me to fill a very important gap In the literaturv of the 
■ubjectA treated. Any effort to draw ArtinuiH, eta, away from the *rulc of 
fehumb,^ ant! f^rivc thcni an insight into principlefl. is in the right direction, 
and meets niv iieart1e«t RT»prt»val. Thl'? iw the (HstinguUihing feature ot tout 
Mementnry Works." —Pn^f. H. L. EU8T1S, Ltonrence Sci6*U^z ScAooi, 
CambriJoe, MtutH. 

•The author has happily ilivirled the robjectt Into two great portions: tl.efoimer 
embnii-inir thoM,; pr< K-e-^Ki**' anil prohlems proper to be t.-^nght toal) students in 
InHtUutioUK of ElcineiiLury In^tnlcti(Jn ; the latter, thm^e Miited tn Hdvani<ed 
Students prepiirin? for technie;il purj^'Wi*. The Eleiiientary Books r.njrht to 
be UKtl in all Hijrh Schools and AJinlemies: the Hijrher one* in ^Vrho^'lso* 
^Techuoluicj.*'— W21. W. FOLWELL, rtt^ideni of Univct'vUy ^f Miwutola. 
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MACFARLANE. 



RCIMANN. 



AUSTIN. 



COLBURN 



KNIGHT. 



MAHAN. 



DYEING, &0. 

A PRACTICAX. TREATISB ON DYEINa AND OAUCO- 
PRINTING. Including- the latest Liventions and Improve- 
ments. With an Appendix, comprising definitions of chemical 
terms, vnth tables of Weights, Measures, <&c. By an expe- 
rienced Dyer. With a supplement, containing the most 
recent discoveries in color ohemistiy. By Robert Macf arlane. 
1 vol. 8vo |5 00 

' A TREATISE! ON THE MANUFACTURE OF ANILINE 

AND ANILINE COLORS. By M. Reimann. To which 

is added the Report on the Coloring Matters derived frotn 

Coal Tar, as shown at the French Exhibition, 1867. By Dr. 

Hofmann. Edited by Wm. Crookes. 1 vol. 8vo, cloth, $2 50 

*'I>r. Roinmnn^s ix>rtion of the Traafelae, written in concira langnnge, is profoundly 
practical, giving; ttie minntest dctailB of the procoRse^ for obtaining all the 
more iinportiint ooIorA, with woodonts of apparatua. Taken in oonjnnotion 
with Hof niann's lie))ort, we have now a complete IdRtory of Coal Tar Dyee, 
both theoretical and practical."— CA«fnM {trut Druggist, 

ENGINEERING. 

A PRACTICAL TREATISE ON THE PREPARATION, 
COMBINATION, AND APPLICATION OF CALCA- 
REOUS AND H7DR AULIO LIMES AND CEMENTS. 

To which is added man v useful recipes for various scientific, 
mercantile, and domestic purposes. By James G. Austin. 
1 vol. 12mo $2 00 

LOCOMOTIVE ENGINEERING AND THE MECHAN- 
ISM OF RAILWAYS. A Treatise on the Principles and 
Construction of the Locomotive Engine, Railway Carriages, 
and Railway Plant, with examples. Illustrated by Sixty-four 
large engravings and two hundred and forty woodcuts. BJ 
Zerah Col bum. Complete, 20 parts, $15.00; or 2 vols. 

cloth $16 00 

Or, half morocco, gfilt top $20 00 

THE MECHANICIAN AND CONSTRUCTOR FOR EN- 
GINEERS. Comprising Forging, Planing, Lining, Slotting, 
Shaping, Turning, Screw-cutting, &c. Illustrated with 
ninety -six plates. By Cameron Knight. 1 voL 4to, half 
morocco $15 00 

AN ELEMENTARY COURSE OF CIVIL ENGINEER- 
ING, for the use of the Cadets of the IT. S. Military Academy. 
By D. H. iVTahan. 1 vol. 8vo, with numerous woodcuts. 

New edition. Edited bv Prof. De Volson Wood. Full 
cloth .' $5 00 

DESCRIPTIVE GEOMETRY, as applied to the Drawing of 
Fortifications and Stone-Cutting. For the use of the Cadets 
of the U, S. Military Academy. By Prof. D. H. Mahan. 
1 vol. 8vo. Plates $1 50 

INDUSTRIAL DRAWie^G. Comprising the Description and 
Uses of Drawing Instruments, the Construction of Plane 
Figures, the Projections and Sections of Geometrical Solids, 
Architectural Elements, Mechani-m, and Topographical 
Drawing. With remarks on the method of Teaching the 
subject. For the use of Academies and Common Schools. 
By Prof. D. H. Mahan. 1 vol. 8vo. Twenty steel plates. 
Full cloth $3 00 

A TREATISE ON FIELD FORTIFICATIONS. Contain- 
ing instructions on the Methods of Laying Out. Constnicting, 
Defending, and Attacking Eiitrenchnionts. With the General 
Outlines, also, of the Arrangement, the Attack, and Defence 
of Permanent Fortifications. By Prof. D. H. Mahan. Now 
edition, revised and enlai^jed. 1 vol bvo, full cloth, with 
plutee $3 50 

BLEMENTS OF PERMANENT FORTIFICATIONS. By 
Prof. D. H. Mahan. 1 vol. 8vo, with iiumeroiu) large plates. 
Cloth $6 50 
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MAHAN. ADVANCCD GUARD, OUT-POST, and Detachment Servioi 

of Troops, with the Essential Principles of Strategy and 
Grand Tactics. For the use of Officers of the Militia rnd 
Volunteers. By Prof. D. H. Mahan. Ne^ edition, with 
large additions and 12 plates. 1 voL 18mo, cloth $1 5Q 

MAHAN BIBCHANICAIi PRINCIPLES OF ENGINEZmiNG 

& MOSELY. AND AROHITECTURZ3. By Henry Mosely, M.A., F.R.S. 

From last London edition, with considerable additions, by 
Prof. D. H. Mahan, LL.D., of the U. S. Military Academy. 
1 YoL 8vo, 700 pages. With numerous cuts. Cloth. . .$5 OQ 

MAHAN HTDRAULIO MOTOR& Translated from the French Conn 

& BRESSE. de Mecanique, appliqn^e par M. Bresse. By Lieut. F. A. 

Mahan, and revised by Prof. D. 11. Mahaa 1 toI. 8vo. 
plates |2 50 

WOOD. A TREATISS ON THB RESISTANCE OF MATE- 

RIAliS, and an Appendix on the Preservation of IHmber. 
By De Volson Wood, Professor of Engineering, University of 

Michigan. 1 vol. 8vo, cloth. $2 50 

A TREATISE ON BRIDGES. Designed aa a Text-book and 
for Practical Use. By De Volson Wood. 1 vol. 8vo, nume- 
xoos illustrations, cloth $3 00 

GREEK. 

BACSTER. GREEK TESTAMENT, ETC. The Critical Greek and 

English New Testament in Parallel Columns, consisting of 
the Greek Text of Scholz, readings of Griesbach, etc., etc. 
1 vol. 18mo, half moroooo $?< 00 

•• do. Full morocco, gilt edges. 4 50 

•* With Lexicon, by T S. Green. Half -bound 4 50 

•• do. Full morocco, gilt edges G 00 

•* do. With Concordance and Lexicon. Half mor. , 6 00 

•• do. Limp morocco 7 60 

«• THE ANALYTICAL GREEK LEXICON TO THE NEW 

TESTAMENT. In which, by an alphabetical arrangement. 
is found every word in the Greek text in every form in v:hieJi 
it appears — that is to say, every occurrent person, number, 
tense or mood of verbs, ever>' case and number of nouns, pro- 
nouns. &c. , is placed in its alphabetical order, fully cx]^1aincd 
by a careful grammatical analysis and referred to ita root, so 
that no uncertainty as to the grammatical structure of any 
word can perplex the beginner, but, assured of the iirecise 
grammatical force of any word he may desire to interpret, he 
is able immediately to apply his knowledge of the English 
meaning of the root with accuracy and satisfaction. 1 voL 
small 4to, half bound $6 50 

<» GREEK-ENGLISH LEXICON TO TESTAMENT. By 

T. S. Green. Half more*w $1 50 

HEBREW. 

GREEN. A GRAMMAR OF THE HEBREW LANGUAGE. With 

copious Appendixea By W. H. Green, D.D., Professor in 
Princeton Theological Seminary. 1 voL 8vo, cloth $«3 50 

'« AN ELEMENTARY HEBREW GRAMMAR. With 

TablcF, Reading Exercises, and Vocabulary. By Prof. W. R. 
Green, D.D. 1 vol 12mo, cloth $150 

^ HEBREW OHRESTOMATH7; or. Lessons in Readti.,,- »ni1 

Writing Hebrew. By Prof. W. H. Green, D.D. 1 \o]. 8^o, 
cloth $3 OC 

LETTERIS A NEW AND BEAUTIFUL EDITION OF THE HE- 

BREW BIBLE. Bevised and carefully exaniined by l\Iynr 
Levi Letteris. 1 vol. 8vo, with key, marble edges j?2 50 

*'ThiK edition has i\ larpe ftnd tnnch more iPRiblo type than the known onovohuii* 
editionK, and the print is excellent, while the niinin of Lettkkis is p wnicu-ni 
gnaranteo fur oorreetoou.'' — ii«o. Dr. J. M. WISE, IkUtor f/tke IsaiixiTS. 
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BACSTER'S BAaSTBR'8 OOMPLETB EDITION OF aSSBNIUS^ 

CESENIUS. HEBREW AND OHAXJDEB LEXICON. In large 

dear, and perfect type. Translated and edited with addi* 

tions and corrections, by S. P. Tregelles, LL.D. 

In tliia edition gnat care han been taken to guard the stiidcnt from Neologiai 
tendencies by suitnblc remarks whenever noedod. 

**Thc careful reviRal to which the Lcxit^on has boen snbjectetT by a faithful anil 
Orthodox translator exceedingly enhanoes tho practical value of this edition.^ 
— Eklinburgk EocUtMuUical Journal, 

Small 4to, half bound $7 50 



BACSTER'S 



Ni3W POCKET HEBREW AND ENGLISH LEXICON. 

The arrangement of this Manual Lexicon combines two 

things — the etymological order of roots and the alphabetical 

order of words. This arrangement tends to lead the learner 

onward; for, as he becomes more at home with roots and 

deriyatives, he learns to turn at once to the root, without first 

searching for the particular word in its alphabetic order. 1 

vol 18mo, doth $2 00 

•*Thl8 Ifl tho moAt benntifnl, and at tho same time the mont correct and peifect 
Mannal Hetrevr Lexioon wo have ever n£od.** — Eciedic lUoieio. 



BOUE>^ANN. 



CROOKES. 



FAIRBAIRN. 

FRENCH. 

KIRKWOOD 



LESLEY. 



IRON, METALLURCY, &c. 

A TREATISE ON THE ASSAYING OF LEAD, SILVER, 
COPPER, GOLD, AND MERCX7RY. By Bodemann <& 
Kerl. Translated by W. A. Goodyear. 1 vol. 12mo, $2 50 

A PRACTICAL TREATISE ON METALLURGY. Adap- 
ted from the last German edition of Prof. Kerl's Metallurgy. 
By William Crookes and £mst Rohrig. In three yoIs. thick 
8vo. Price $30 00 

Separately. Vol. 1. Lead, Silver, Zinc, Cadmium, Tin, Mer- 
cury, Bismuth, Antimony, Nickel, Arsenic, Gold, Platinum, 

and Sulphur $10 00 

Vol. 2. Copper and Iron 10 00 

Vol 3. Steel, Fuel, and Supplement. 10 00 

OAST AND WROUGHT IRON FOR BUILDING. By 

Wm. Fairbairn. 8vo, doth $2 00 

HISTORY OF IRON TRADE, FROM 1621 TO 1867. By 
B. F. French. 8vo, doth. $2 00 

COLLECTION OF REPORTS (CONDENSED) AND 
OPINIONS OF CHEMISTS IN REGARD TO THE 
USB OP LEAD PIPE FOR SERVICE PIPE, in the 

Distribution of Water for the Supply of Citiea By I. P. 
Kirkwood, O.K. 8vo, doth $1 50 

THE IRON MANUFACTURER'S GUIDE TO THE 
F'JRNACBS, FORGES, AND ROLLING-MILLS OF 
THE UNITED STATES. By J. P. Lesley. With mm 
and plates. 1 vol. 8vo, doth. $8 00 



FITZCERALD. 



HOLLY. 



KNIGHT. 



MACHINISTS-MECHANICS. 

THE BOSTON MACHINIST. A complete School for the 
Apprentice and Advanced Machinist. By W. Fitzgerald. 1 
voL ISmo, doth $0 75 

SAW FILING. The Art of Saw Filing Sdentifically Treated 
and Explained. W^ith Directions for putting in order all kinds 
of Saws, from a Jeweller's Saw to a Steam Saw-milL Illus- 
trated by forty-four engravings. Third edition. By H. W. 
HoUy. 1 vol. 18mo, doth $0 75 

THE MECHANISM AND ENGINEER INSTRUCTOR. 
Comprising Forging, Planing, Lining, Slotting, Shapiug, 
Turning, Screw-Cutting, etc., eta By Cameron Knight. 1 
Td. 4to, half morocco. $15 OC 
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TURNING, &c. LATHE, THB, AND ITS USES, BTC; or, Instraction Ie 

the Art of Tuming Wood and MetaL Iiiclnding u descrip- 
tion of the most modem appliances for the ornamentation of 
plane and carved surfaces, with a descriptiou ab>o of an 
entirely novel form of Lathe for Eccentric and Rose Enprine 
Turning, a Lathe and Taming Machine combined, and other 
valuable matter relating to the Art 1 vol 8vo, copiously 

illustrated. Including Supplement. 8vo, doth $7 00 

** The most complete work on the subject ever pablished/' — Amervxm Artitan. 

" Here is an invaluable book to the practical workman and amatcor/^ — LondUm 
Weekly Times. ' 

TURNING, &c. SUPPLEMENT AND INDEX TO LATHE AND ITS 

USES. Large type. Paper, 8vo $0 90 

WILLIS. PRINCIPLES OF MECHANISM. Designed for the use of 

Students in the Universities and for Engineering Stadenia 
generally. By R )bert Willis, M.D , F.R.S., President of the 
British Association for the Advancement of Science, &c., &a 
Second edition, enlarged. 1 vol. 8vo, cloth $7 GO 

%♦ It ought to be in every large Afachine Workshop OfRcc, in every School of 
Mechanical £ngii)eeiing at loa.<t, and in the hands of every Profewor of 
Mechanics, dic— Prof. S. EDWABD WAIUiEN. 

MANUFACTURES. 

BOOTH. NEW AND OOMPLETE CLOCK ANU WATCH 

MAKERS' MANUAL. Comprisiiig descriptions of the 
various geaiings, escapements, and Compensations now in 
use in French, Swiss, and English clocks and watches. Patents, 
Tools, etc. , \vith directions for cleaning and repairing. With 
numerous engravings. Compiled from the French, with an 
Appendix containing a History of Clock and Watch Making in 
America. By Mary L. Booth. With numerous plates. 1 
vol. 12mo, cloth $3 00 

CELDARD. HANDBOOK ON COTTON MANUFACTURE; or, A 

Guide to Machine-Building, Spinning, and Weaving. 
With practical examples, all needful calculations, and many 
useful and important tables. The whole intended to be a 
complete yet compact authority for the manufacture of 
cotton. By James Geldard. With steel engravings. I vol. 
12mo, doth $2 50 

MEDICAL, &o. 

BULL. HINTS TO MOTHERS FOR THE MANAGEMENT OF 

HEALTH DURING THE PERIOD OF PREG- 
NANCY, AND IN THE LYING-IN ROOM. With an 
exposure of popular errors in connection with those subjecta. 
By Thomas BuU, M.D. 1 vol. 12mo, cloth f 1 00 

FRANCKE. OUTLINES OF A NEW THEORY OF DISEASE. appUed 

to Hydropathy, showing that water is the only true remedy. 
With observations on the errors committed in the practice of 
Hydropathy, notes on the cure of cholera by cold water, and 
a critique on Priessnitz^s mode of treatment. Intended fox 
popular use. By the late H. Francke. Translated from the 
German by Robert Blakie, M.D. 1 vol. 12mo, cloth. . .$1 50 

GREEN. A TREATISE ON DISEASES OF THE AIR PA8SAGE& 

Comprising an inquiry into the History, Pathology, Causes, 
and Treatment of those Affections of the Throat called Bron 
chitis, Chronic Laryngitis, Clergyman's Sore Throat, etc. , eta 
By Horace Green, M. D. Fouxti edition, revised and enlaigod. 
1vol. 8vo, cloth $:^ 06 

« A PRACTICAL TREATISE ON PULMONARY TUBER- 
CULOSIS, embracing it« History, Pathology, and Treat- 
ment. By Horace Green, M.D. Colored plat<'.'i 1 vol ?^vo, 
oloth. %^ iXL 
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GREEN. OBSERVATIONS ON THE PATHOLOGY OF GROUP 

With Remarks on its Treatment by Topical Medications. By 
Horace Green, M.D. 1 vol. 8vo, cloth |tl 25 

*• ON THE SURGICAL TREATMENT OF POLYPI OF 

THE LARYNX, AND CEDEMA OF THE GLOTTIS. 
By Horace Green, M.D. 1 vol. 8vo $1 25 

" FAVORITE PRESORIPTIONS OF LIVING PRACTI- 
TIONERS. With a Toxicological Table, exhibiting the 
Symptoms of Poisoning, the Antidotes for each Poison^ and 
the Test proper for their detection. By Horace Green. 1 
voL 8yo, cloth $2 50 

TILT. ON THE PRESERVATION OF THE HEALTH OF 

WOMEN AT THE CRITICAL PERIODS OF LIFE. 

By E. G. Tilt, M.D. 1 vol. ISmo, cloth $0 50 

• VON DUBEN. GUSTAF VON DUBEN'S TREATISE ON MICRO- 
SCOPICAL DIAGNOSIS. With 71 engravings. Trans- 
lated, with additions, by Prof. Louis Baner, M.D. 1 vol. 8vo, 
cloth $1 00 

MINERALOGY. 

BRUSH. ON BLOW-PIPE ANALYSIS. By Prof. Geo. J. Brush. (In 

preparation.) 

DANA. DESCRIPTIVE MINERALOGY. Comprising the most re- 
cent Discoveries. Fifth edition. Almost entirely re- written 
and greatly enlarged. Containing nearly 900 pages 8vo, and 
upwards of GOO wood engravings. By Prof. J. Dana. 
Cloth |10 00 

'^We hare u»ed a good many works on Mineralogy, but have met with none that 
begin to compare with this in fnlnoss o£ plan, detail, and execadon.*' — 
American Journal of Mining. 

DANA & BRUSH. APPENDIX TO DANA'S MINERALOGY, bringing the 

work down to 1872. By Prof. G. J. Brush. 8vo |0 50 

DANA. DETERMINATIVE MINERALOGY. 1 vol (In prepa- 

ration.) 

«« A TEXT-BOOK OF MINERALOGY. 1 vol (In prepa- 

ration.) 

MISCELLANEOUS. 

BAILEY. THE NEW TALE OF A TUB. An adventure in versa By 

F. W. N. Bailey. With illustrations. 1 vol. 8vo $0 75 

CARLYLE. ON HEROES, HERO-WORSHIP, AND THE HEROIC IN 

EDSTORY. Six Lectures. Reported, with emendations and 
additions. By Thomas Carlyle. 1 vol. 12mo, cloth. . .$0 75 

CATLIN« THE BREATH OF LIFE; or, Mal-RespiraUon and its 

Effects upon the Ei\jo3rnients and Life of Man. By Geo. 
Catlin. With numerous wood engravings. 1 voL 8vo, $0 75 

CH^EVER. CAPITAL PUNISHMENT. A Defence of. By Rev. George 

B. Cheever, D.D. Cloth $0 50 

(« TTTT.T. DIFFICULTY, and other Miscellanies. By Rev. 

George B. Cheever, D.D. 1 vol 12mo, cloth |1 00 

'• JOURNAL OF THE PILGRIMS AT PLYMOUTH ROCK 

By Geo. B. Cheever, D. D. 1 vol. 12mo, doth |1 00 

* WANDERINGS OF A PILGRIM IN THE ALPS. By 

George B. Cheever, D.D. 1 vol. 12mo, cloth $1 00 

M WANDERINGS OF THE RTVER OF THE WATER OF 

LIFE. By Rev. Dr. George B. Cheever. 1 vol. .12mo, 
cloth $1 00 

CONYBEARE. ON INFIDELITY. 12mo, doth 100 

CHILD'S BOOK OF FAVORITE STORIES. Large colored plates. 4t<x 

doth. *1 60 
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EDWARDS. 



GREEN. 



COURAUD. 



« 



HEICHWAY 
KELLY. 



M 



MAVER'S 



NOTLEY. 
PARKER. 

STORV OF 
TUPPER. 

WALTON 

& COTTON. 



WARREN. 



WILLIAMS. 



FREB TOWN UBRARIBS. The Formaf^on, Mana^vtiiet^l 

and Hifitoiy ia Britain, France, Germany, and America. 
Together with brief notices of book-coIlectorH, and ci the 
respective places of deposit of their surviving collections. 
By Edward Edwards. 1 voL thick 8vo $4 OO 

THE PENTATEUCH VINDICATED FROM THE A& 
PERSIONS OF BISHOP COLENSO. By Wm. Henr^ 
Green, Prof. Theological Seminary, Princeton, N. J. 1 vol 
12mo, cloth $1 2S 

PHRENO-MNEMOTECHNT; or, The Art of Memory. 

The series of Lectures explanatory of the principles of the 
system. By Francis Fauvel-Gouraud. 1 vol. 8vo, cloth, $2 00 

PHRENO-MNEMOTECHNIC DICTIONARY. Bemg a 

Philosophical Cla^ssification of all the Homophonic Words of 
the English Language. To be used in the application of the * 
Phreno-jVInemotechnic Principles. By Francis Fauvel-Gou- 
raud. 1 vol 8vo, doth. $2 00 

IiEILA ADA. 12mo, cloth 100 

LEILA ADA'S RELATIVEa 12mo, cloth 100 

CATALOGUE OF AMERICAN BOOEa The American 
Catalogue of Books, from January, 1861, to January, 1866. 
Compiled by James Kelly. 1 vol. 8vo, net cash. ...... $5 00 

CATALOGUE OF AMERICAN BOOE& The American 
Catalogfue of Books from Januaxy, 1866, to January, 1871. 
Compiled by James Kelly. 1 vol. 8vo, net $7 50 

COU^ECnON OF GENUINE SCOTTISH MELODIE& 

For the Piano-Forte or Harmonium, in keys suitable for the 
voice. Harmonized by C. H. Morine. Edited by Geo. Alex- 
ander. 1 vol. 4to, half calf $10 00 

A COMPARATIVE GRAMMAR OF THE FRENCH, 
ITALIAN, SPANISH, AND PORTUGUESE LAN- 
GUAGE& By Edwin A Notley. 1 vol. , doth $5 00 

POLAR MAGNETISM. First and Second Lectures. By John 
A. Parker. Each $0 25 

NON-EXISTENCE OF PROJECTILE FORCES IN 
NATURE. By John A Parker .....|0 26 

A POCKET BIBLE. Illustrated. 12mo, doth $1 00 

PROVERBIAL PHILOSOPHY. 12mo 1 00 

THE COMPLETE ANGLER; or, The Contemplative Man's 
Recreation, by Isaac Walton, and Instructions how to Angle 
for a Trout or Grayling in a Clear Stream, by Charles 
Cotton, with copious notes, for the most part original. A 
bibliographical preface, giving an account of fifdiing and 
Fishing Books, from the earliest antiquity to the time oi 
Walton, and a notice of Cotton and his writings, by "Rby, 
Dr. Bethuue. To which is added an appendix, including 
the most complete catalogue of books in angling ever printed, 
&c. Also a general index to the whole work. 1 vol. 12mo, 
doth .' <a 00 

NOTES ON POLYTECHNIC OR SCIENTIFIO SCHOOLS 
IN THE UNITED STATES. Their Nature, Position. 
Aims, and Wants. By S. Edward Warren. Paper |0 40 

MIDDLE KINGDOM. A Survey of the Geography, 
Government, Education, Sodal Life, Arts, Religion, «&a, of 
the Chinese Empire and its Lihabitanta. With a new map of 
the Empire. By S. Wells Williams. Fourth edition, in 
dvolB #4 00 
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RUSKIN»S WORKS. 

Vh(fofin in tize ana Hj/l€, 

MODERN PAINTERS. 5 vols, tinted paper, bevelled loards. 
plates, in box $18 00 

MODBRN PAINTERS. 5 vols, half calf 27 00 

withont plates 12 00 

half calf, 20 00 

Vol 1.— Part 1. General Principles. Part 2. Truth. 

Vol. 2.— Part 3. Of Ideas of Beauty. ' 

VoL d.— Part 4. Of Many Thin^rs. 

Vol. 4. — Part 6. Of Mountain Beauty. 

VoL 6.— Part 6. Leaf Beauty. Part 7. Of Cloud Beauty. Part 
8. Ideas of Belation of Invention, FomuU. Part 9. Ideas of 
Belation of Invention, Spiritual. 

STONES OF VENICE. 3 vols., on tmted paper, hovelled 
boards, in box .$7 00 

STONES OF VENICE. 3 vols., on tinted paper, half 
call |12 Od 

STONES OF VENICE. 8 vols., doth 6 00 

VoL 1.— The Foundations. 
Vol. 2.— The Sea Stories. 
VoL 3— The FalL 

SEVEN LAMPS OF ARCHrTEOTORE. With illustrations, 
drawn and etched by the authois. 1 voL 12mo, cloth, $1 75 

LECTURES ON ARCHTTECTURE AND PAINTING. 
With illustrations drawn by the .author. 1 voL 12nio, 
doth. j^l 50 

TWO PATHS. Being Lectures on Art, and its Appli- 
cation to Decoration and Manufacture. With plates and 
cuts. 1 voL 12mo, cloth. f;l 25 

ELEMENTS OF DRAWINQ. In Three Letters to 
Beginners. With illnstrationB drawn by the author. 1 voL 
12mo, cloth. $1 00 

THE ELEMENTS OF PERSPECTIVE. Arrangod for the 
use of Schools. 1 voL 12mo, cloth. $1 00 

B POLITICAL EOONOBST OF ART. 1 voL 12mo, 
doth. $1 00 

PRE-RAPHAELITISM. 



NOTES ON THE CONSTRUCTION OF 
SHEEPFOLDa 



1 vol. 12mo, 
doth, $1 00 



KING OF THE GOLDEN RIVER; or, The 
Black Brothers. A L<^gend of Stiiia. 

SESAME AND LILIES. Three Lectures on Books. Women, 
<&c. 1. Of Kings' Treasuries. 2. Of Queens' Gardens. 3. 
Of the Mystery of Life. 1 vol. 12mo, cloth |1 50 

AN INQUIRY INTO SOME OF THE CONDITIONS AT 
PRESENT AFFECTING <<THE STUDY OF AR- 
CHTTECTURE " IN OUR SCHOOLS. 1 vol. 12mo, 
paper. |0 15 

THE ETHICS OF THE DUST. Ten Lectures to Little 
Housewives, on the Elements of Czystallization. 1 voL 
12mo, doth. $1 35 

''UNTO THIS LAST." Four Essays on the First Prindples of 
Political Economy. 1 vol. 12mo, doth |1 OQ 
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RU8K1N THB GROWN OF WILD OUVZ:. Three Lectura <m WocIl 

Traffic, and War. 1 vol. 12mo. cloth f 1 OC 

^< TIME AND TIDE BY WEARS AND TYNG. Twenl^- 

five Letters to a Workingman on the Laws of Work. 1 a'oI. 
12mo, cloth fl 00 

'* THE QUEEN OF THE AIR. Being a Stndj of thr^ Greek 

Myths of Cloud and Storm. 1 vol. 12nio, cloth $1 00 

• LECTURES ON ART. 1 voL l2mo, doth 1 00 

* FORS OLAVIGERA. Letters to the Workmen and LabonrerH 

of Great Britain. Part 1. 1 vol. 12mo, cloth, plates, $1 00 

** FORS OLAVIGERA. Letters to the Workmen and Labonrera 

of Great Britain. Part 2. 1 vol. 12mo, cloth, plates, $1 00 

BflUNERA PULVERIS. Six Essays on the Elements of 
Political Economy. 1 vol. 12mo, doth $1 00 

^ ARATRA PENTELIOL Six Lectures on th^ Elements of 

Sculpture, g^ven before the University of Oxford. B}- John 

Ruskin. 12mo, cloth, $1 50, or with plates. f3 OO 

^ THE EAGLE'b NEST. Ten Lectures on the relatirixi of 

Natural Science to Art. 1 vd. 12mo $1 50 

BEAUTIFUL PRESENTATION VOLUMES. 
A^ii<<f on Ifnfed jcapcr, and elegantl*/ hound in crape cloth extra, bmetJad hoard*, fftU head. 

RUSKIN. THE TRUE ANI> THE BEAUTIFUL IN NATURE, 

ART, MORALS, AND RELIGION. Selected from the 
Works of John Ruskin, A.M. With a notice of the author by 
Mrs. L. C. Tuthill. Tortraib. 1 vol. 12mo, doth, plain, 
|2.00; cloth extra, gilt head $2 50 

** ART CULTURE. C:onsii>ting of the Laws of Art selected from 

the Works of John Ruskm, nnd compiled by Rev. W. H. 
Piatt, for the use of Schools and Colleges as well as the 
general public. A beautiful volume, with many illustTationa. 
1 voL 12mo, cloth (shortly). 

•' PRECIOUS THOUGHTS: Moral and Religious. Gathered 

from the Works of John Ruskin, A.M. By Mrs. L. C. 
Tuthill. 1 vol. 12mo, cloth, plain, $1.50. Extr» doth, 
gilt head $2 OO 

« SELECTIONS FROM THE WRITINGS OF JOHN 

RUSKIN. 1 voL 12mo, cloth extra, gUt head $2 50 

M SELECTIONS FROM THE WRITINGS OF JOHN 

RUSKIN. 1 vol 12mo, plain doth $2 00 

«• SESAME AND LILIES. 1 voL 12mo. $1 75 

M ETHICS OF THE DUST. 12mo. 175 

•« GROWN OF WILD OLIVE. 12mo 150 

RUSKIN'S BEAUTIES. 
« THE TRUE AND BEAUTIFUL 1 

PRECIOUS THOUGHTa I ^t hi!i^^ "^""^ $? 00 

CHOICE SELECTIONS. J do., haljf"^*.".*10 00 

RUSKIN'S POPULAR VOLUMES. 
CROWN OF WILD OUVE. SESAME AND LILIES. 
QUEEN OF THE AIR. ETHICS OF THE DUST. 

4 vols, in box, cloth extra, gfilt head. $6 00 

RUSKIN*S WORKS. 
Bmined edUioii. 

RUSKIN Yd. 1.— SESAME AND LILIES. Three Leotnies. By John 

Ruskin, LL.D. 1. Of King's Treasuries. 2. Of Queenu' 
Gardens. 3. Of the Mystery of Life. 1 voL 8vo, cloth. 
$2.00. Largepaper $2 50 



JOilN WILBY A SON'S LIST OF PUBLICATIONS. 105 

RUSKIN'S WORKS. 

ReeUied edition, 

" VoL 2.— MUNERA PULVSRia Six Essays on the ISementa 

of Political Economj. By John Kuakin. 1 volume «vo, 

cloth $2 no 

Large paper 2 50 

•• Vol. 3.— ARATRA PHNTSIiICL Six Lcctureo on the F«*i 

mentsof Sculpture, g^ven before the University of Ovforu 

By John Euskin. 1 vol. 8vo ^1 ()u 

Large paper 4 "if 

• THE POETRY OF ARCHITECTURE : ViUa and Cottfl^e. 

With numerous plates. By Kata Phusin. 1 vol. 12ino, 

cloth $1 r»o 

Kata Phusin is the pnppoflcd Nom do PInme of John Ruskln. 

** FORS CLAVIGERA. Letters to the Workmen and Laborers 

r.' grreat Britain. Part 3. 1 vol. 12mo, cloth $1 50 

•^^USKIN-COMPLETE WORKS. 
The C<>MPLErE Works u Toiin Rusktn. 27 vols., extra cloth, in a box. .|40 00 

Ditto 27 vols., extra cloth. Plfites. . . 48 00 
Ditto Bound in 17 vols., half calf. do 70 00 

SHIP-BUiLDING, &c. 
BOURNE. A TREATISE ON THE SCREW PROPELLER, SCREW 

VESSELS, ANE SCREW ENGINES, as adapted for 
Purposes of Peace and War. Illustrated by numerous wooil- 
cnts and engravings. By John Bourne. New edition. 1807. 
1 vol 4to, cloth, fiaOO; half lussia $34 00 

WATTS. RANKINE (W. J. M.) AND OTHERS. Ship-Building, Thco- 

retical and Practical, consisting of the Hydraulics of Sh^p- 
Building, or Buoyancy, Stability, Speed and Design — The 
Geometry of Ship-Building, or Modelling, Drawing, and 
Laying Off — Strength of Materials as applied to Ship-Buildir^ 
— Practical Ship-Building — Masts, Sails, and Rigging — Marine 
Steam Engineering — Ship-Building for Purposes of War. By 
Isaac Watts, C.B., W. J. M. Rankine, O.B., Frederick K 
Barnes, James Robert Napier, etc. Illustrated with numerous 
fine engravings and woodcuts. Complete in 80 numbers, 
boards, $35.00; 1 vol. folio, cloth, $37.50; half russia, $10 00 

WILSON (T. D.) SHIP-BTHLDINa, THEORETICAL AND PRACTICAL. 

Li Five Divifdons. —Division I. Naval Architecturo. TI. Lay- 
ing Down and Taking off Ships. TIT. Ship-BuildiiiK TV. 
Ma.sts ard Spar Making. V. Vocabulary of Tcrmr< use*! — 
intended as a Text-Book and for Practical Use in Pul)li'* \\uf\ 
Private Ship-Yards. By Theo. D. Wilsou, AnsiHtant Xaval 
Constructor, U. S. Navy; Instnictor of N»*val Construction, 
U. S. Naval Academy ; Member of fcho Imititution of Naval 
Architects, England. With numerous plates, lithographic 
and wood. 1 vol. 8to. $7 50 

SOAP. 

MORFIT. A PRACTICAL TREATISE ON THE MANUFACTURE! 

OF SOAPS. With numerous wood-outs and elaborate work- 
ing drawings. By Campbell Morfit, M.D., F.O.S. 1 voL 
8vo 120 <W 

STEAM ENGINE. 

rROWBRIDCE. TABLES, WITH EXPLANATIONS, OF THE NON- 
CONDENSING STATIONERY STEAM ENGINP 
and of High-Pressure Steam Boilers. By Prof. W. P. Trow 
bridge, of Yale College Sdentifio School. 1 vol. 4tc 
plates. $J 5C 

•* TREATISE ON THE GENERATION AND UTILIZA 

TION OF HEAT THROUGH THE MEDIUM OF 
STEAM AND STEAM BOILERS. De.signed as a Tcztr 
Book and for Practical use. By Prof. W. P. Trowbridge 
Very fully illustrated, 1 vol. 8vo (shortly) 
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TURNING, &c. 
THE f.ATHE, AND ITS USBS, UTO. On Infitnictions in the Art of Tnmxii| 

Wood and Metal. Including a description of the most modezB 
appliances for the ornamentation of plane and carved sarfac8& 
With a description, also, of an entirely novel form of Lathe 
for Eccentric and Rose Engine Turning; a Lathe and Turning 
Machine combined, and otiier ynluable matter relating to the 
Art 1 voL 8vo, copioosly illustrated, cloth $7 00 

- SUFPUSMENT AND INDEX TO SAM£. Paper. . .$0 00 

VENTILATION. 

LEEDS (L. W J. A TREATISS ON VfilYTILATION. Comprising Seven Lec- 
tures delivered before the Franklin Institute, showing the 
great want of improved methods of Ventilation in our build- 
ings^ giving the chemical and physiological process* of res- 
piration, comparing the effects of the various methods of 
heating and lighting upon the ventilation, &c. Illastrated 
by many plans of all classes of public and private buildmgH, 
showing their present defects, and the best means of im- 
proving them. By Lewis W. Leeds. 1 vol. 8vo, with nu- 
merous wood-cuts and colored plates. Gloih $2 50 

'* It ought to be in the hands of every family in the oonntry.*' — Tecknoioffitt. 

**Nothtngconld be clearer than the anthor*R exposition of the principles of the 
principles and practice of both good and bad ventilation.'* — Van No9trmd'4 
Engbieering ila{/atiite. 

**Tha work is every way worthy of the widcrt circulation.** — Scient(flc Amenean. 

REID. VENTIIaATION IN AMSRIOAN DWELUNOa With a 

series of diagrams presenting examples in different classes 
of habitations. By David Boswcll lieid, M.D. To which is 
added an introductory outline of the progress of improvement 
in ventilation. By Elisha Harris, M.D. 1 vol. 12mo, $1 5(1 

WEIGHTS, MEASURES, AND COINS. 

TABZ.BS OF WCIOHTS, MEASURES, COINS, Ac, OF 

THE UNITED STATES AND ENQLAND, with their 

Equivalents in the French Decimal System. Arranged by T. 

T. Egleston, Professor of Mineralogy, School of Mines, 

Columbia College. 1 vol. 18mo $0 75 

^* It is a most uscfnl work for all chemists and others who have occaidoa to make 
the oonversious from one asystem to another.^ — American ChemUt. 

"Every mechanic shoold have these tables at Uand.^ — American, Soroiogiemt 
JaurttaL 

J. W. & SON aze Agents for and keep in stock 
SAMUEL BAQSTER A SONS' PUBLICATIONS, 

LONDON TRACT S0CIET7 FUBLIOATIONS, 
COLLINS' SONS A CO.'S BIBLES, 

MURRAY'S TRAVELLER'S QUXDES, 

WEALE'S SCIENTlt^C SERISa 
FuU OcMogua gratis an appUeaUan, 



J. W. ft SON import to order, for t^ie TRADE AND PUBLIC, 

BOOKS, I>It;ilI033IC-A.i:.S, &0., 

moK 

•^* JOHN WILEY & SON'S Complete Classified Catalogne of the most vmlo- 
aUe and latest soientiflo pnblioationa supplied gratis to order. 
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